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CEPARTMENT OF THE ARMY
CHICAGO DISTRICT. CORFS CF ZINGINEEIRS
217 SOUTH DEARSOARN STREET

L ILLINOIS 606023 Il
CHICAGO, ILLINOI S0 1797 pF@EJquL'p\I

§ JUN 1SEh (>
REPLY TO ‘
ATTENTION OF N u ‘Q‘.”
Pian Formulatian JUN 3 (%@

ENVIRONMENTAL REVIEW 27247
PLANNING & "MANACZMEINT uh

Mr. William franz, Chiaf
Taviroamantal Raview Branch

U.S. Environmental Protection Ageacy
230 South Deardorn Street

Chicago, Il1linois 60604

Dear Mr, Franz:

Enclosad is a supolament to the site salection ranors on a
confined dradge material disposal 7acility at Wauxkegan, [1linois,
complated in April 19831, The original report, which was pra-
viously furnisned to your offic2 for review 2and comment, iden-
tified thras upland sites as being potantially feasibla
Howaver, the prasent uncertaiaty as to the availabilisy of thesea
si<a2s and tha lack of a 19cal sa9nscr has 12d t3 considteration of
c2t2ntial VTake sitas., The Waukazan 2orT Distrizt mas ‘1”1:3?23
an iataresz in saonsoring a3 Yakz sit2 inmmedias-ly sauz1r of tne
2xistiag recr23zional doat hardor.

Thae susolament evaluatas tne ¢osts and otnrer impaczis of faour
aizernative lakz2 sita2s, all locat2d in the sames gan2ri’ araa,
On2 site was identifia2d as the m:st fzasisla, basad primg~iiy on
casts, sincs th2 other impacts war2 very similar We would
apypra2ciate receiving any comments which you may have 0n tae plans
avaluatad ia this supplament by June 3C.

Onc2 coamments on the 1ak2 sizas/>iang ara rec2iyad, a
war<sacpy will 52 scheduia2d amang alil intara2sta2d aagancias 2
digzcuss their c3acarns on doth tre lznd and laka sizas. Pia2asz

i1cluds with your comments your pref2arzacas for a wor<siogo dacte
during the waex of July 134-18. You will be notified of the
worxshop arrangements by July 3. If your staff has any questions,
plaase contact 4r, Mike Fisner of our Plan Formulation 2ranch.

His telepnone number is (312) 382-5430.

Sincerely,

A0 5.

r.an< R. -112/ P.S.
LTb, Car:s 0f/ Enginear
District Engineer
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daukegan Harser, I1lincis
Confined Dredged Material Disposal Facility
Site Selection Stucy - Suppiement

5;RP0SE OF REPCRT

This recort, which summarizes the results of engineering, cost and environ-
-ancza]l analyses cf four alternative confined disposal facilities (C3F's) located
s- Lake Micnigan near Waukegan Harbor, is a supplement to the site selection
-4cv f3r Wauxegan Harbor completed in April 1984, The original study iden-
i¢ia4 three upland sites as most likely to be implementable. However, dif-
ieyleies have arisen concerning each of the considered sites,

a
-
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-
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a. Original Sites' Status:

) Site 1 - Airport Site: The FAA made a determination that the
ear zcne far the airport would be less than originally anticipated.
ne Waukegan Port District decided only to acquire the required

(2) Site 4 - 01d Farm: No agency has expressed an intarest in
aczuiring the site and becoming the local sponsor.

(3) Site 16 - OMC Sit2: The Outboard Marine Corporation (CMC) has nct
ingicatzad a willingness to sell the property. In addition, the U.S. EPA has
ingic2zed that it will, in all probability, use the site for disposal operazicns
asscciatad with the eventual disposal of the dredged material with PC3 con-
zantrzzions too great for confined disposal.

b. Additional Sitas:
Beczuse of the above general pradlems, the Chicago District of the (2%
taczn 3 r2csnsicaration of petantial COF sites. The Waukegan Pors Districe
~ciczzza an interest in a lake sit2 in the near-shore arez 1mmediately soush of
tnei~ racreational beoat hartor. After filling and capping, the top surface of
suzn 3 sit2 cculd te used for parking or some other marina-related activity.
2= inis sucolement, four altarnative near-shore lake COF sites have been eva'-
sztac,
-
H SITZ SELIZTION STUDY - SUMMARY

The original sita salection study was completad in April 1984, The rapor:
wis cimoietad as a basis for reccrmending a plan for disposing of dredged
m2tarial detarmined o be unsuitable for open lake disposal in a confined fac:-
iy,

a, Problem:

1) Waukegan Harber is a cormercial harbor primarily serving the Gold
d Suilding Products and Huron Cement Ccmpanies, both divisions of National
m Company. Regular routine maintanance dredging is required ta maintain
T2 project depths. Tnrough 1963, dredging was accomplished primarily witn
rament -owned hopper dredge. The materials were placed in the hopper
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dredge's bins or scows and bottom dumped in tne establishad deepwater cispcsz)
area in Lake Michigan located about 2 1/2 miles east of the north breakwatar
lignt.

(2) Bottom Sediment Analvsis. Prior to 1975, routine analysis of bot-
tom sediments from Waukegan Hardor ~as performed by the Corps of tnginsers anc
the USZPA/Federal Wezer Pollution Control Acministration in relaticn %o main-
tanance dredging. Sediments were commoniy analyzed for organic nuirients and
heavy metals. The sediments of the inner hardor (prcject deoth -18 ft LWD) war2
considered polluted and not acceptznie for open-watar cisposal. Those sedimen:s
from the outar harbor (project depth -22 f: LWD) were considered only slightly
polluted. In 1975, <he USZPA firs:t diszoversd the presance of po1y:hlorina:e:
biphenyls (PC2's) in Waukegan Harbor. Since that time, the USIZA and Corﬂs of
Encineers (C0Z) nave done extensive sampling of the hardor are2a and have
mined that 'tne material within the Fedaral cnannel contains less tnan 5C
PC3s Even i¥ tne. PCB ma:zarial did not =x's: in the harbor tner h
m1ca} constituents within the hardor material wnich warrant i
2s unsuitadble for open lake dispesal.

a*
-

. (3) Characzer of Dredged Mzterials. The bottom seciments of the
Waukegan Harbor have been sampled and anzlyvzed by the USZPA (1573, 1878, 1877)
and the Corps of Encineers (1981, 1S£2). Seciments were classified using the
USZPA "Guidelinas for Po.1u;1ona1 Classificezion of Bottom Seciments from Grezt
Lakes Harbors" (1977). Mcst of the sediments within Waukegan Harbor wes:t of tne

South Pier lignt are polluted and reauire confined disposal. Howaver, sancy
sediments elong the eastern portion of tne Nor:ih Pier are unpolluzad and can te
cisposed in the lake or usad for beach nourishment., Survey results have shown 2
wice spectrum of poliutional levels, witn pclychlorinated bipnenyls (PC2s) being
the contaminant of major concern, Results of the analysis of site water inci-
cate little evidence of pollution. Most of the contaminants appezr to be con-
tained in the sediments. A summary of the physical and chemical charactaeristics
of the bottom sediments is contained in Appendix B of the April 1984 site seleac-
tion study. =

(4) Method of Dredging and Disposal since 1965, Since the discovery
of PC3 contamination at Waukegan, the only maintanance dredging pe-mittad was
to the east of the south pier lignt prior to 1984. This work was performed in
1874, 1976, 1577 and again in 1982, No dredging work west of the south pier
light, in the navigation channel and inner basin, had been proposad by the
Chicago District pending recommendations from USZIPA uo to April 1834. Limitec
dredging along the north pier was carried out in 1985,

(5) Maintenance Requirements. The estimated dredging backlog, bas=ad
upon 1982 examination soundings, is approximately 105,0C0 cubic yards of
mat2rial in thosa areas where deep draft navigation occurs. This volume inclu-
des 45,000 cubic yards of sandy sediment in the outer channel which will noz
require confined disposal.

(6) PCB Concentrations. The concentrations of PCB's in the tottom
s2diments of Waukegan Harbor vary with location and depth. A USZPA report -
divided the harbor into areas of specific PC8 concentrations. Plate 3 is rapro-
cuced from tnis report. All areas cf the federal channel are identifiad as

A
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having PC3 concantrations less than 30 pom. Grad and core samples of %he sancy-
clay and silty sediments of the inner harsor (Area 4) contained PC3 lavels we!l
below 50 ppm. Analysis of the silty-sand and sand from Arei 6 showed PC5 con-
centrations less than 1.0 ppm throughcut.

(7) Ar22 of Dredging. The Corps of Engineers is limited t3 dredging
the authorized Fed aral channel, as shown on Plata 2, at Waukegan. According o
2 renort submitted to the US:PA by Mason and Hanger - Silas Mason Co. in January
1981, the entira top soft muck sediment layer is contaminatsd with PCS down t2
the underlying sand at almost all locations where any PC3 ccntamination occurs.
Within the general arez of the authorized COE project, contaminated sediment is
locatad below autnorized project denths and immediately outside of project boun-
daries. If COE dredging is restricted only to authorized project limits, it is
likely that pertions of the remaining, exposed sediment will drift into the
autnorizedq project aresa resulting in acditional handling problems and costs for
manv cycies of future dredging. In corcer to avoid this, the Corps would need to
cradge, deeper than the authorjzed denths shown on Plate 2 and also would nead
t3 dradge outside the limits of the channel to remove sediments next to piers
and bulkheads. It seems probable therefore that, if the COE does any dresaging
in Waukegan Harbor, it will, at the least, have to dredge all soft muck sedi-
ments from the Federal Channel., This will exceed the present authorization for
dredging by COE. The USZPA and Illincis EPA have identified only those arezs
contaminatad with more than 50 pom PC3 for clean-up. The net result is that t-a A
arz2a between the Corps project and EPA project would remain untouched and czn-
timinataed unless some effort wers initiatad to clean it up. If this_arsa wers-
not dradged at the same time or pricr to the time the Federal Channel was
drecged, PC3 would migrate to the Federal Channel and dredge material from
fusure maintenance dredging would very likely contain more than 10 prm PC3s
razuire confined disposal. It would be much more economical to clean up\E;s;::_______
entira harhor at once rather than deal with the PC3 contamination in maintERanca
dracging year-after-yeir. In addition, the US Eaviroamental Protaciion Agency
has recommenced that, following drsdging operations, the level of PC3 at tre
exzosad surfac2 of seaiment not exc2ed the level which was at the surfaca prisr
t3 dradging. In the juagment of the CHw:ago District, it is likely that the
aczcizicnal authorizazion and funding faor this work will be receivesd

b. Authorization:

In the April 1984 Site Seleczion Study, the authorization unzer whizn
mentation was being considered was Section 123 of the 1970 River and Harcco
(9' 91-511)., This act authorizes the canstruction of canfinea dredce
osal facilities t2 hold maintanancs dredgings which are producad over a
od not to exce2ed 10 years, and wnich are classified as unsuitable for ocen
disoosal by the Administrator, U.S. Environmental Protection Agency
chDA) Under this program, the cost of canstruction and maintenance is pri-
marily borne by the Faederal Government with local intarests required ta provide
rights-of-way and certain other assurances. The design capacity is basad on an
2stimata of the total amount of polluted material which will be dredged in a
carticular harsor over a period of tan years.

P
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c. Sites Investigated: .
With the assistance of other agencies, 15 alternative sites were
salected ty be evaluatad as possible disposal locations for matarial dredged
ffom the navigation channel at Waukegan Harbor. Of the original 15 sites, nine

3
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were selected for further study. Of those nine selected for further stucy,
three were selected for detailed study and evaluation for possidble recommen-
dation as the selected site. The three sites (sites 1, &4, and 16) ars descrized
in paragraph la.

d. tudy Conclusions:

No final recommendation was made as to which of the sites would be usaz
for the dredgings from Waukegan Harbor. Only the facts and costs were presentac
in the site selection study. A final determination was to be basec on a can-
sideration of construction and operation costs, environmental dimgpacsts, and Ine
desires and concerns of a local sponsor, local and Federal agencizs and tne
general public.

e. Current Status:

The three sites selected for final evaluation are still viabie siteas,
However, because of the problems associated with them, especially tne lazk of
any qualified agency to exhibit any significant degree of intarest in soonsoring
one of the sites, their appeal has diminished. Therefore, tne Chicaco District
has decided to reconsider other sites which might prove to b- more implemen-
table.

3. LAKE SITES
a. MWaukegan Harbor Area:

The Waukegan Regional Port District has recuested that consideration be
given to the construction of a confined disposal facility in the near-shore are2
Just south of the existing recreational boat harbor. Advantages include the
proximity to the dredging site and the use the Port District could make of the
land area created after filling and capping of the structure, in conjunziion
wizh planned expansiaon of their recresational hardbor facilities. The Por:
ODistrict nas indicated that they may te the local sponsor for the project.

b. Dredging Volumes:

The contaminated sediment within the Waukegan Harbor area can be cats-
gorized in a numper of ways, including degree of PC3 contamination anc location
witnin the authorized Federal navigation project. This is discussed in
paragrapn 7c of the Site Selection Study and paragraph 2a(7) of this sucplement,
and snown on plate 3. In the judgment of the Chicago District, the public
interest will best be served, and the economic and environmental benefizs of the
project will maximized, if all the contaminated sediment with PC3 concentrzzions
ranging from 10 PPM to 50 PPM is dredced at once and confined within the pro-
posed structure. This would require an estimated capacity of 188,000 cubic
yards. In addition, if the sediment in the north harbor with a higher PC3 ccn-
centration level is not removed concurrently with the initially dredced
rmzterial, quantities of this material are likely to be washed downstream inzo
the project area and diluted to concentration levels suitable for confinement.
Based upon an estimate of the volume of the highly contaminated norin hardor
material, an additional capacity of 32,000 cubic yards will be designed into tne
proposed structure, for a nominal total capacity of 220,000 cubic yarzs. All
considered structures will be designed to contain this voiume.
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c. Autherity:

Since the maintenance drnac.rg of the authorized Federal project is a

=

~1]1 responsibility, and since it is Federal regulations that mancdate that

:;f;

--2 dredced material be confined, the Corps of Engineers (COE) has determined
-z COF's can be constructed under regular operations and maintenanc2 authori-
as in cases like the one at Waukegan Harbor, 1In this case, a local sponsor is

(R

acsolut2ly required as under Section 123, 1970 River and Harbor Ac: (PL
auzhorization. The COE does make it a policy that a local spensor par-

in the implementation of confined disposal projects unless it can be
at it is in the best interests of the nation to proceed without one.
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&, COF DIKE DESIGN
Tne fundamental purpose of the proposed dredging/confining operation at
kegan Haroor is to clean-up a serious environmentally hazardous watar quality
jem and to reestadblisnh normal use of a Federal commercial harbor, which has
badly hindered for many years by the water quality problem. The clean-uo
-~uc< be aczomplished without increasing the environmental hazard to any other
~a~ of tne environment. The primary source of the water quality problem is the

~ign concantration of polychlorinated biphenyls (PC3's), which varies over a

~ice range, present in the soft bottom sediments overlaying the bottom of
a2uxegan Harsor. If an acceptanle, feiasible upland disposal site is not pro-
‘igcad, the dredged materials must be disposed of in a lake site. Frcm a water
zuaility point of view, a lake site can be perfectly acceptable as long as the
sraaxwatar/dike walls can withstand the wave forces they are subjected to and as
Tong as hey prevent contaminant substances, solid or soluble, from passing
tarcus from inside to the open lake water,

.

-

a. Lake Michigan Watar Quality:

The quality of Lake Michigan water is, in general, quite high.
tincis State standards for-discnarges of contaminant substances ta the laka
are very stringent.

£, ?C3 and Other Contaminant Transmission:
Zrgineering analyses performed by the Dredged Matarials Research

¢=2m (ZMR?) on the PC3-sediment matrix in laboratory and field investiga-
ns nave found PC3's to be strongly bound to the fine-grained sediment par-

s. Other contaminants of greatast concarn (lead, mercury, etc.) also have
¢ onyvsical-chemical bonds to the silt and clay particles. Other stucies
at2 that the release of PC3's from sediments to the soluble portion of the
iumn was generally not significant, and that the presaence of PC3's in
o ca]umn was c¢eoencent on the presence of suspended solids. Standard
“tasts conductad with Waukegan Harbor sediments demonstrated little or
se of contaminants into solution. These results are in agreement wizh
cings of the Corps' Dredged Matarial Research Program which conducted
u_-s ive tasting of dredged matarial around the country. Most heavy metals
2 Tcounag to he t1ght1y bound ta the silty-clay particles of urban sediments.
-~3~-~j, leacning tests using PC3 contaminated sediments from Ashtabula River,
wera c¢ancucted., Columns filled with sediments were leached with artificial
rain for a period of three months. No detectable PCB's were found in th2
-wmn laachata, If a confined disposal site is to be effective from an
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environmental protection stancpoint, it must be efficient in rztaining @ hicn
percentage of the fine sediments, for it is the clays and silts which carry tne
contaminants. Studies:of dredged material disposal areas supported thes2 fin.
dings. The removal of PCB's closely matched the solids removal efficiencies,
Filtering tasts conducted with PCB contaminatad sediments from the Chicago
District (Indiana Harbor and the Chicago River) have supparted tnese rela-
tionships,

c. Dike Design:

A CDF is little more than a large settling basin combined with a hizn

rastriction filter to pass water from dredgings back to tne lake, Tne sions zn:

sand dike which will form the CDF must serve two purposas; (1) to be a phvsicz®
arrier confining those sediments which have settled, anc (2) o 4re2as all w

=T a
[Ny

returning to the lake by filtration., The containment structure would consist =7

a2 stonefilled dike with a prepared limestone core (see plate &), A svninezi:
filter fabric and a sand filter would be placed on the disoosal side to 71!
out the suspended solids so that the filtrate passing through tne diks mee:
Lake Micnigan's water quality stancards. The sand for tne filter will b2

dredged from within the COF and placec on the inside slope of tne dike, This
layer of fine-grained sand functions like any other filter used for drinking

water or wastewater treatment, Very fine material moving with the watar Tiowin
througn the pores of the sand/limestone filter of the diks will eventuaily clot
all the minute pores in the dike, substantially reducing future flow through t-
cike. Dike filters have been used at confined disposal facilities for dracge

-
ar
<.

materials around the Grea: Lakes, in Chesapeake Bay, and in Jzsan. Tne only
difference between the Waukegan Hardor CDF and others is the gragation of granu-
lar filter material and source of sand,

d. Dike Function:

The concentration of suspended solids in the filtrate is determined bov
the settling efficiency of the GOF and the filtering ability of the sand filte-
within the stone-filled dike. Settling tests performed with Indiana Harbdor
sediments show that over 99,5 percent of solids settle out within five hours.
These tests were done with a suspension of sadiment and water similar to the:
producad by a hydraulic dredge. Mechanically dradged ssZiments would nct bde
slurried, and would therefore settle out even more rapidly. The uss of fina-
grained sand filters as a treatment for suspended solids is a widely used tech-
nology in drinki~g and wastewater treatment. Engineering analysis of
fine-grained Lake Michigan sands indicate that over 29,999% of the susoendad
solids would be filtered in the first foot of filter mecdia. The sand filtar
will be several feet thick. The width will be determined by constructibilisy
criteria. Tne sand filter will effectively remove all suspended solids
(>99.99909939%), The result is that the r2turn water from the CDF will have no
suspended solids and that all sediment-bound contaminants will be confined.
Engineering analysis indicates that the maximum concentrations of nutrients,
metals and PC3's in the COF filtrate will be slightly greater than the con-
centrations of ambient lake water. The concentrations of metals and nutrient:
organics will all be below the State of I1linois Lake Michigan standards.
Almost all parameters will be present at levels below the detection limits of
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szandard anaty<tical methods. Tnis analysis incicatas *nhat the rate of giscnarae
s~cm the procosed COF will ~e very small comparsed to typical point sources, an<
’will decr=2s2 as tne facility beccmes filled. The maximum ratz of discharze 13

jass than 1 ¢fs. The quality of water witnin tne facility will have the
greatest level of dissolved constituents at the conclusion of a dredged/disposal
operation, and that this level should decrease to a level similar to the amdyiant
lake in a short time afterwards. The quality of the water discharged from tne
srcposed COF will approach that of the ambient lake due to mixing and dilution
within the COF pcnd and dike care. In contrast, polluted sediments at the bot-
-om of a hardor or river ars directly exposed to the water column, and may be
resuspended by currants or by navigation traffic, The containment of solids is
the key to the disposal of dredged matarials.

. ALTERNATIVE SITES CONSIDERED R

iy

a. Plan Formulation:

(1) Four alternative CDF plans were evaluated. Al] would be locatad
jn the nearshcrz zone of Lake Michigan just snuth of the existing recreational
scat harbor as shown on plates £ through 8. Each would be sized tc hold about
218,000 cubic yards of dredged matarial with space for a 2-foot thick clay cap.
1 In saeveral of tne plans, some clean sand would be excavated from the interigr of
g the COF after dike construction to provide adeguate volume for the dredged

't material. The clean excavated matarial would be deposited in the lake watar in
2 the near-shore 2cne just downdrift of the structure, as this material would prc- -
vide good bezch nourishment. The breakwatar/dike would consist of a stone-
filled dike with a prepared limestone cors, as shown on plate 4, A synthetic
= § filter fabric and a1 sand filter would be placed on the disposal side to filtar-
cut the suspended solids which might otherwisa cause the filtrates passing
tarouch the dike to violata Laka Michigan's water quality standards, The sand
far tne filtar will be dredced from witnin the COF and placed on the inside
slooa of the dike. Tnree of the four considerad plans were locatad so as <3 nct
intarfare with the cutlet of the Waukagan River wnich entars Lake Michigan jus:
scutn of the boat harsor. Tne ‘other plan would be canstructad across the moutn
cf tne Wzukagan River, but the river flow would be carried tnrougn the strucsurs
in large culverts sizad to carry the 100-year freguency storm flow.

(2) The CIF would be filled to cz2nacity in one dredging ooeration
Zarried out over a short time frame soon after COF construction. The dradged
-4 ma=2rial would then nave tdo sit and partially dry for a year or so befare
cazping. DOuring this time, the survace of tne dredged material would be ccoverad ~
5v a Hlankat of sand about one-foot thick. The purpose of the sand blanxer
40uld Se ta protact the surfaca of the not-dried drecdged matarial from starm
~ave overwash and to kaeo the matarial frem spiashing back into the open laxs
wazar, Any watar ent2ring the COF befor2 it was capoed, either by rain or wave
overwash, would sat uo a hyarostatic head between the surface of the CIOF pend
wi2r and “he oocen lake watar. This would be relieved as COF watar filtared
Tnrsugh the walls of the dike. Once2 the dredged material had partially dried,
Ne strucsurs would be capoed with a two-foot thickness of clay. This would be
Civerad gver with gravel and then paved with aspnalt.




- b. Coastal Enginearing Design:

R The coastal gngineering analysis was performed to determine a stabdie
N breakwater/dike configuration and adequate structure heights to limit wave ove-r.
©  wash to prevent backfiow of the dredged material to the lake before the struc-
, ture is capped. Since the structure will only be left uncapped for cne sicrm
< saason, storm criteria used in the crest height elevation analysis were less
severe than those used in the stability analysis. For the crest height anely-
sis, a five-year recurrence freguency lake level elevation was used and appreoxi-
o mately a four-year recurrence frequency summer storm was used. In selecting tne

~.

™~

J

N— storm direction to be used in the analysis, consideration was Given to tne mes:
) T~pwrgbable direction of the most severe storm and the cirection of the wiges: prz-

_-_~\\::/
Jje

sed breakwater face. For analysis of the required armor stone size, 2 cesizr
storm with a 200-year recurrence frecuency conditic~ was selected (20-yvea-
recurrence water level and 10-year recurrence wave neight). Details of ine
coastal design analysis are given in Attachmen: 1.

c. Geotechnical Analysis:

A reconnaissance level geotechnical analysis was made based on
available data. The prooosed CDF at the mouth of the Waukegan River would be
uncerlain by from 5 to 13 feet of fine sand. Underlaying these sands could te
from 15 feet to § feet of Lake Michican Formation loose silts and very sof:i to
soft lacustrine clays, subject to ex:treme settlement or subsidence. Tnis
material would squeeze out from under a dike with a thin underlying sanc
blanket. Under the Lake Michigan sediments is a moderate hard to hard clay til)
that would be a very good dike foundation.  The sand would allow seepage anc tne
clay/silt permit settiement. This material may also be silty sands or gravel
with no intervening soft or loose materials. Additional subsurface informa:tion
is given in attachment 2.

d. Plan Descriptions:

(1) Plan 9A-1. This plan, as shown on plate 5, would be ccnstructed
in the near shore water of Lake Michigan immediately south of and adjaczent t:
the existing recreational boat harbor and immediately north of the mouth of tne
Waukegan River. The CDF would cover an area of 13.5 acres. The breakwatar/ /cixkas
would be constructed to an elevation of +9.0 feet LWD in maximum watar depins ¢of
-G.0 feet LWD. A typical cross-section is shown on plate 5, A volume of 25,000
cubic yards of clean sand would be excavated from the interior of the struciure
after dike construction, some of which would be used for the filter sand in the
dike wall, The remainder would be deposited downdrift (south) of the struczure
t0 serve as beach nourisnment. Dredged material wou]a be placed in tne CDF <2 2
height of +4.0-foot LWD. The CDF would be filled in one season, anc coverer?
with a blanket of sand. After about one year for partial solidification, tne
COF would be capped with a 2-foot thick clay cap, covered with a six-inch grave:
blanket and paved.

(2) Plan 9A-2, This plan, as shown on plate 6, would be located in
the same area as plan SA-1, However, it would be constructed in sligntly
shallower water and be built across the mouth of the Waukegan River, The river
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distance upstream of the junct
~ilvert system would be about 8C0 f
structure wculd be very similar to that described fo~ plan 9A-1.

(3) Plan 98-1. This plan, as shown on plata 7, would be constructed
fyst south of tne mouth of the Waukegan River.
13,5 acres. The breakwatar/dikes would be constructed to a crest elevation of
~19.0-7foot LWD in maximum water depths of -10.0-foot UvD.
=icn, 11,000 cubic yards of clean sand would be excava:
iatarior for filter sand and to provide the required capacity.
~ould be denosited to elevation +7.0-foot LWD.

tne CIF

would be done as for plan 9A-1.

(4) Plan 98-2., This plan, as shown on plate 7, would be locatad in
2oproximataly tne same area as plan 98-1. The structure would cover an area of
20.8 acres., The breakwatar/dikes would be constructed to a crest elevation of

-10.J-foot LWD in watar of maximum depth - 6.0-fcot LWD. Afte
sion, 77,300 cubic yards of clean sand would be excavated cut of the structure
Dredged material would be placed to an elevation of
-3.0-fcot LAD. Dredging, solidification, capping and paving would be tne same

<3 provide needed capacity.
s for plan 9A-1.

e, Cocst Cemearisons:

Cost estimatas for the consicdered plans are given in attachmen:t 3, and

aot

S

lorg.

in culver<s

-3.0-fzot LWD,

L

After dika cc"serc-?v

,,.evol |Pe upper end of the 5- cu1veru system wou]d be laid at
slevation of the current channel invert, anchored in a stone dike built acr
tne river mouth. Low earthen dikes would line the channel banks for a short
ion to retain flood flows within the channel.
Filling, c2pping and paving of the

. Tne sita wsuld cover an arez
7 14,6 3cres, The breakwatar/cikes ~0u1d be constructac to an elevation of
-3,0-72oc> LWD 1a watar cof maximum depihn

22, 000 cubic yards of clean sand would be excavated from the structure
plan 9A-1. Dredged material would be placed to a height of +7.0-foot LWD.
cilverts to carry the Waukegan River flow through the CJF would be sized to

cirry- the 100—ye=r flow. Tnis would reguire five 8-foot diame r’corrucauaa,*\

aporoanatelx,zzs————*“
RS

The site would cover an area of

After dike construc-
2d from the structur2
Oredged material
Filling, capping and paving

r dike construc-

iummarizeq in taole 1. Costs are basad on the April 1986 price level.

Taple 1. Cost comoarison for Waukegan Hardor

COF - Laxe siz

es (218,0C0 cubic yards}{$00Q)

s 3S

Plan
Ya-1 SA-2 $o-1 $8-2

T tanstruction $ 4,052 $ 5,119 $§ 3,913 $ 3,224
14 and S3A 648 819 626 518
:7i2r2st during construction 172 217 166 137
“22) Zstaza 0 0 0 0

sud taotal 4,872 6,155 4,706 3,889
Iracging | 2,529 2,529 2,529 2,529
el 7,401 8,634 7,235 6,418
-SS% per cubic yard
9% cragced matarial § 34.00  §39.75 S 33.25 $ 29.50

O
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f. Environmental and Social Impacts

Since these.four CDF plans are proposed for the same site and vary on",
in shape and size, their environmental impacts will be relatively ecual. Tne
significant adverse environmental impacts of maintenance dredging and COF
construcsion/operation would be: 1) a temporary increase in turdicity during
dredging and construction, and 2) loss of about 15 acres of agquatic habita:

"““"-\‘h'ough conversion to 1andf111 The principal adverse impact of the no-acticn
————Y1an would be the hindrance to navigation resulting from accumulation of sed:

ment in the Federal channel and the potential for con~1nued PC3 contaminaticn ¢f
Lake Michigan, .

6.  COST ALLOCATION

A1l costs for construction of tne proposod confined disposal fazilizv e
Waukegan Harbor are attiributed to federal environmental and watar qua's 2
lations and as such are a Federal responsibility.

7.  PLAN IMPLEMENTATION

If a plan is authorized for construction, the Corps of Zngineers will
require that a local entity with legal and financial responsibpility enter ints
an agreement to provice all necessary real estate and other itams of local
cocperation prior t0 construction,

a. Real Estate:

Prior to the date of advertisement for bids for construction of <ne
facility, the local cooperator/s will be required to provide evidence of fee
simole title to the submerged lands of lLake Michigan underlying the proposec
I1linois facility. The submerged lands are presen*]y owned by the State of
I11inois. No relocation or acguisition as provided for under the Uniforn
Relocation Assistance and Red) Property Acquisition Policies Act of 187C, Puziic
Law 91-646 is anticipated.

b. Local Cooperation:

To provide for local assistance in connection with the construction,
operation and maintenance of the proposed confined disposal facility (COF) for
Waukecan Harbor, the Chicago District will enter into an agreemesnt with a
non-Federal interest or interests in accordance with Section 221 of Publiz Law
01-611 wnich will act as -local cooperator/s for the project. Such non-Fegers’
interest/s will provide the required real estate interests; obtain the
appropriate state and local permits; facilitate any other necessary cocrdinazior
with the State of Illinois; receive possession of the COF after it is fillec:
and assume the required maintenance responsibilities thereafter, The items of
local cooperation are summarized below:

10
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a. Provide witnout cost to the United States all lands, essemen:s
rignts-of-way necassary fcr construction, cperation and maintanancs of 3
1273

m
-
0o

b. Hold and save the Unitad States free from damages due to the
censtruction, ooeration and maintznance of the facility, except damages due to
-1e fault or negligencz of the Unitad States or its contractors;

c. Maintain the facility after completion of its use for disposal pur-
cssas in a manner satisfactory to the Chief of Engineers.

d. Ccmply with the applicable provisions of the Uniform Relocation
rssistance and Real Property Acquisition Policies Act of 1970, Public Law
$1-846, approved 2 January 1971, in accuiring lands, easements, and rignts-of-
way for construction and subsaquent maintenance of the project and infarm
affacted persons of the pertinent benefits, policies, and proceduras in connec-
+ign with said act.

e. Comoly with the Section 601 of Title VI of the Civil Rights Ac:t of
1553 (Public Law 88-232) and Depar:iment of Defense Directive 5300.11 issued pur-
suant thereto and published in Part 300 of Title 32, Code of Federal
iegulations, in ccnnection with the maintenance and operation of the project.

f. The ncn-federal interests, or interaests shall retain title to all
r22] estata intsrests furnished by it pursuant to paragraph a. above. However,
tne confined disposal facility contemplatad herein may be conveyed to another
sarty only aftar complezion of tne facility's use for disposal purposes and
afier the transfaree agrees in writing to use or maintain the facility in a
manner which the Chief of Engineers detarmines to be satisfactory.

2,  CONCLUSICNS.
a. Lake Sitas: : -

83ased on the c¢osts of the alternative laka sitas considered, plan ¢3-2
ig the least costly and therefore the mest cost effective. There is lizzle
z¢ffarence in the environmental and social impacts of the considered plans,
ing so plan 9B-2 is the tentatively salecta2d plan., A local sponsaor mus: be
izentifiea if this plan is to be implementad,

b. Previously Considerad Sitas:
The three sitas identified in the April 1984 Site Selection Study have

2T been dropped from consideration. However, a local sponsor must be found if
iy of these sitas is to be eventually imolementad, ’

11



ot \- —
4 RACIN AK ’

WiSCONSIN N : = LAKE / ;
R xenasHs ' MICHIGAN MIC

- et en m— - — *
"o6 ‘
A m WAUKE SAN
ROCXFORD -
] — ! / KALAMAZ®S \
T .
- /e
ésv.-..ws.-u —r
: \“ -
aw$§
0 JS5\ CHICAGO ( —
S ——— e

SUTH
8ENC

ILLINQIS

"HAMMOND o

ke

b=

INDIANA

"f.‘ 1vj

r

74

TR
Pl
/ .-

N

e

WAUKEGAN HAR3OR >

CONFINED DISPOSAL FAZILITY ==
SITE SELECTION STUDY

,ﬂkﬁ[

VICINITY MAP

CHICAGO DISTRICT ~ CORPS OF EN°
fomee ST - smen amoA —%



i 2
3 ! T <
ik : i°
zi | Ezx s
i e i M
= M B 232 < Eo2
ies |22 £ S E
o T 1 TE5 < -
Ry : |22 1 _E
NN : Lg% E g3
NN : # Sz, a =
./,.,,////,// =\ . m =3 a
////._/N/O//,V/.» , m “ m M
N P g
NN 3 :
N X N =
ﬂ/u,/.b : i .
RN N ___
RN N _
e ,//,,,,ﬂu,//w-,
— g3 //,,/:,,// N
, — ///,./%/r/ \
; . “
._ H
i u "
v - ® H H .
« l . “ < . M m
: ? H 3 H
_ T : RS i
' i fiiiiy
4 i u
u itivsi. L
L m il [
[ ‘' coeooo00e0sEecOTOCe
L
“I“
S e ———

“ 3
iy o T e G L b N1

P S s
P it

. ~ W S e ..ﬂ .......Ih.l.\ﬂ..l. u.u d

: 3 T SRS ITTIR T R e

3 NS et e X
. 0 e g ey .ﬂmuﬂl.‘%kf.tnﬂﬁ-?itf y
; 44_m.n\FJ-|»....J.m(...hH4u4u S X

x
Y
.2
*x
K
~ -
k ;

{
.u.&..u...wlt

xR D

BBy




Area Jescrizticn
1 ?C3's greatasr Inan
500 pem
2 50 to 300 pom
3 Area between fadarsl
chaarel and 33 pzr line
4 Federal channel wes:
of 10 pom line
5 Small boat launchinz
and mooring arsa
e’ 6 Federal channel ezst
~ of 10 ppm line
PC3 concenzration lines Irom
USZ?A reporz of Januaty L1331,

A0 s

\ | 6
\
1 —
5
—.e—s PC3 boundaries
H « «= = Federal Channel

WAUKEGAN HARBOR

CONFINED DISPOSAL FACIUTY
SITE SELECTION STUDY

PCe-Contaminated Area
Location Map

CHICAGO DISTRICT CORPS OF ENGINEZIRS

f

o

— APRIL 1986 [ BLz:.z .




4y

N

-y

VARINBLE

FILTER
FABRIC

STONE SI|IZES

‘A' STOME

'8’ stone C VARIABLE
'C' STONE )

) DPISPOSAL SIDE

JAND Futewr
SILTY (LAKE) SAND

TYPICAL SECTION

r'vamts |
» .

LAKE SIDE

S
DISPOSAL SIDE

EL, t10.0

£L. 0.0 Lwp

=

SAND FILTER =T
SUTY(LAKE) SAMD ™ .

\

TYPICAL SECTION

WAUKEGAN HARBOR
CONFINED DISPOSAL FACILITY

SHE SELECUHON STUDY

Breakwater/Dike
Typical Cross-Seclion

P AT




U st v

XIS HING
BRE AKWA LR

gt : ~
FREPARE D -—/ FIIER —'°/
L die S e FABRIC

TYPICAL UREAKWAITER SECHON

FIL IR SAND

R
R | R AW IRV 1N

SRR SRR I # - -\t

B TN n L
DRE Gt D
Mot RIAL

AVE L AEE BOYTON 26C 10w | ConnERr

10 5 (i} 10 20
e —
SCALE W4 FLET
i HOTEr LAKE BOTTOM CONTOURS
_SIOIE SIZES ARE EXPRESSED IN FEET
‘A" STOHE 18 — 4 loH BULOV EL. 0.0 L.W.D.
‘W SIONE 200 — BOO 185
‘C' S10HE I - 50 14s
[ e !!{;‘:::1 u.z +30 LVD
[P R\ - . h -
RrCLrer LAKE LEVEL TN s N3 FN.TER SAND (L sen v
. EL 130 1.VD P R\ SR
2 i PN 50 27 L L s N PREPARE D 30 DREDGED
wrooo o CIHUS HUNE B, HATERIAL
T T e CoeTR N OEL 26 LWL
AVE. LAKE BOTTIH
IYPICAL DIKE SECHON
16 5 v 1o 2

VERICAL DAIIM IS 1LGL D, (1955) L.WD
SCALE Bt

| R N v
rypical Cross-Section

PO O LU LA NS L e badbota it AT g

L e A )

et CRUALRIBING
HEUA T Bl iR

EXISTING BREARK VAT R

WALIKEGAN HARHOR
CONFINED DISPOSAL FACHTTY
SHE StHEC DO S
SHE 9A-1
COF "PLAN AND CROSS SECHH
218,000 CU. YD CAPACIHT,
CINCAGO DISIRICT LOKEsS ok L,

APKIL YUHO ' i




SR RN 1)

L "y L -
RUCRE ALIONALL
- BN VLR
WATER
e £L.4100 LVD
\'\f“‘\ I TV WYY

Bt DGED

HATE KA 11

7
SECTION [CORrt

FXISTHIG
BREAKWAIER

PREPARE D 7 fnaer S

LIMES TUHE b ABKIC : '

PHOIER SALID
’ - —_—23
. (L tBLVYp 2
AVE LAKE BOTTDM

TYFICAL BREAKWAJER SECHON

10 5 v 10
Ve R = S o
SCALE W FEET

HOTE: LAKE BOTT(M CONTOURS
ARE EXPRESSED U FEET

__STOME SIZES
BELOV EL. 0.0 LD,

‘A" STOLIE 700 -- 1500 185
‘B’ SIONE 25 - 150 168S
‘C' SIOIE I - 50 18S

7297 71 el
S

EL 970 LVD

~ Z”’“ .
o Tl FITER SAND DRENGED
§ 5[- MAITERIAL
Swonoewve

AVE. UAKE BUTTOM

IREPARE 1 5
Jobmestme

10 5 0 10 20
[ P W, SN e e R e VERNCAL DATUM IS 1LGL D (1955) LW DO
SCALL et

SCALE 1 FEET

WAUKEGAHT HARBOR

CONEINELD OISPOSAL FACIITY
SHE SHLECDON SIub ¢

SIE YA--2
COF PLAN AND CROSS SFCHOHS
218,000 CU4. YO. CAPACILY
CHICAGO DIS TR CORPS OF Lt

AR 1986 ' 1Al




EINAN |

9861 kv RITRTEER R
MUY 4D SMOD 19001510 09vOND ‘Om 1 (SSEL) UTFOT ST HOEYU VDU MIA - e
VAV 0N 1D 00N'R1Z MOl WY AV 02 n ¢ & m
SHOILD S SSOUD NV NV g 40D T e B e e e S s e
106 311S Wl 777 S
S E -~ ooy . . - <
JONLS HOUD NS IS I 8Tl N A S - R TP Y _-.\m
LUUIVE IVSOASIG O3HI14MO0) I ILVH i~ (RSAREH] A s 0 e
: (39303 2" TS - AATafY 1) ]
MOV NV IMOIVM . ~ P\ L L VAT I
LT R e A L~ -
T WAT 8T P P
anvs H3L Ny - - P
WAL 001 13 —n o - l_
WAL 00 13 AUN3R 1334 NI 3VvIS 981 -
£33 01 0ASS3d84X3 Y prme— aa—— e e—__ e )
NOERD DY WM A0g 3NV 310N 009 00€ 0 051 pog
NV
splng — | A0S 2,
SH1 O¥G — OFZ 3H01S .A,
. MOL S - 2 3HOIS v,
T S321IS 3HOLS
' , N
/ |
L2 LT T hY rc..uu.a
- (X4 '
b B 2 3 [ )
LISLOONREL L & N b bldee & 4
MALVAAY I S Six )
B AN -




LU AR R M o

B ST

-~ AREA "}'

CCEXCARALEY

“TUEL, -7.0 LG
£

_SToNE SIZES

~e B o (IR B B (N P (TN A X P TR
- L. t Y 2 v

i mg el e v e e B
PRty - ~vne B » agay

A

MITEY LAKE BOTTOM CONTOURS
ARE EXPRESSED 1IN Fe b
BELOW EL. 00 LW.D.

‘A° STONHE 1800 LBS — 2 100
‘o SIGE 100 ~ 400 LBS
‘C' SIONE 1 -~ 50 188
00 150 O 300
B9 77w oo L
e - >
4 © P -_
/‘V?O% i FILTER SAND fLass Lk -
RLCENT LAKE LEVEL o 3 _ : .
< EL 20 LVD - A0 . 8, DRE DGE D
R, Tt LI - St g PRE PARE D L e LA
| - 1E S HNIE ~. 30 - :
/IL‘—“"—' e e sl " \‘a“ fl.-19 v
- S Tt T T T T T AVE. LAKE BMOITIM
0w 5 0 1 P
(g g W SN ey PRSUPRIYS VERNCAL DATUM IS 1LG1 0. (1955) LwD
SCALE B IEE L

WAUKEGAN HARHO#K

COHEINED DISPOSAL FACIHILY
SITE SEEECNON Siuny

SITE 9B8--2
COF PLAM AHD CROSS SECHOHS
218,000 13, YO, CAPACH Y

CHICAGO MISIRICT CORPS OF tHLINEE e
APRIL 1486 | PAL




-\ e

RART. D

TR IO Y T AR R -

WAUKZGAN HAR3CR, ILLINOIS

CCNFINZD DREDGZED MATERIAL
DISPOSAL FACILITY

ITE SZLECTICN STUDY
Supplement

COASTAL ENGINEZIRING




Number

YR Ny

o

U W

O U 2 WD —

TABLE OF CONTENTS (font'd)

TABLES

Title

Surmary of Desian Paramezers

Design Wave Height for Stone lomputations

Stone Weights and Thicknesses

Design Wave Height for Crest Zlevation
Computations

Average Wave Height Overtooping Stucture

Wave Runup, Overtopping and Fill Time
Computations

FIGURES

Nearshore Wave Height Computation,
Goda Method

Maximum and Averagecd Values of Hs/Hmo
for Irregular Waves

Wave Height vs Runup on Structure

Theoretical Wave Heignht Distribution

Overtopping Parameters and Qo*

PLATES
General Location Map
Plan 9A-1
Plan 9A-2
Plan 98-1
Plan 98-2

- Typical Section 9A-1 thru 98-2

ii

A=
o
n
1]

LI W I B B A }



e L L Wl " Maw

TR

© RS P AL M YRS RTPA RS Y

!

+.  Define °roject. Waukegan Harbor, tne location of the proposed
fan.mec u1saosa1 facility (COF), is located in north eastera [}linois
ake County) on the west shoro.or Lake Michigan, about 35 miles north of
"“'aoo and 15 miles north of Ner:th Chicago and 16 miles scuth of Kanosha.
wiscansin (Plate 1). The Waukegan COF will be a diked retaining structure
s5r cortainment of poiluted dredged materials from the Federal navigation
crannel at Waukegan Harbor. Since it is located in Lake Michigan, the
st-ucture was designed to withstand the 102l wave climate. Four
ai-arnative plans for the COF have been developed. See Plates 2 tnru §,

2. Nesign of Alternative Plans,

2.1 Bottom Depths. Using the bottom contours on.Plates 2 thry 5, bot%om
ceatns were tound for each of the four alternative plans. Plan 9A-1 would
se d5uilt at approximately 9 feet below Low Water Datum (LWD), plan 9A-2 at
-3 feet LWD, plan 9B-1 at -10 feet LWD, and plan 9B-2 at -6 feet LWD.

2.2 OJesign Wave Conditions for Stone. The stone for the outer layers are
cesigned TO witnstard a storm condition with a 200 year return period,

—
2.3 Design Water Level. The design water level has a 20 year return | R—
serioa. iaxan trom Reference 1, that level is 5.0 feet above LWD, The/////

current water level is close to this design water level.

2.2 Design Deepwatar Wave Height, The design wave height has a 10 year
retyrn period. 1nis vaiue is taken from a publication

{~efarence 2) that cont3ins hind cast wave information for Lake Michigan.
istarical wind data Trom six stations along Lake Michigan served as input
25 & numerical hind :3ast moce!. The model determined deepwater significant
wave he1gnts and mean significant periods for each wave lieight. " The
22eowatar design wave at Wauka2gan is 17.4 feet with a 9.5 second period
fe2m :he Norzh-Nor<heast and 11,8 feet, 7.5 saconds from :he South to
Scutneas:,

: Cesign Wave Height at Structur2, The deepwater wave is reduced as it
zcriacnes snore. the agesign wave neights for stone sizing at the

“ygTure ara calcu1atad using surf zone wave decay relationships. These
=272 gevelopea Dy a man named Goda {Refarence 3). Figure 1 was developea
‘-cm referenca 2. Table 1 gives a summary of design parame*tasrs. Tapla 2
snCws tne design wave heignt computations.

[ 2 3% BY
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Table 1
Sumary of Design Parameters

Direczion Deeowdter  Wave Des1gn Water Bottam Tetal Design

Critical Wave Ht, Perod Lavel Elevation Water Deoth
“lan  'Waves (o', ft)  (T,sec) (S, +ft WD) (bem, -f UWD) (h, S +tn, )
AL N-NE 17.4 9.6 5 9 14
== S 11.3 7.5 5 3 8
=1 N-ME 17.4 9.6 5 10 15
22 N-NE 17.4 9.6 5 3 1




Table 2
4 M " Design Wave Ht for Stone Computations

(See Fiqure 1)

0ffshore Lo Design Wave Ht
Plan  Slope(m) h/Ho' (5.12T2,ft) Ho'/Lo  Hy/3/Ho’ (H1/3,ft)
9A1 .0C2 .81 471.9 .08 .52 9.1
9A2 .002 .67 284.9 .04 .45 5.3
93] .002 .86 471.9 .04 .55 9.5
982 .002 .63 471.9 .04 .42 7.3

2.5 Stone Sizes Computations, The stone placed on the outsiage of aike
structure, armor stone, neeas to be a certain weight in order %o resist
movement and displacement under design wave conditions. The following
ecuation calculatas that weight:

wr H3
— W = Xa (5p - 1)° cot 8 (Squation 7-116, SPM, reference 4) -’
where:

Wr = unit weight of armor stone = 1€5 1bs/ft3

H = desigr wave height in feet -

Sr = Wr = unit weight of rock = 1€5 = 2.64

Ww unit weignt of water 62.64
cot 8 = angle of structure slope =2
Kd = stapility coefficient (Table 7-8 SPM) = 3.5
W = weight of individual armor stone in pounds

The armor stone is allowed to range between 90% and 2007 of this weight.
The secondary stone layer, placed under the armor units, is one tenth of
the weight of the armor stone. This stone may vary between 50% to 200% of

the secondary stone weight. The core and bedding stone is a prepared stone
with a very wide gradation.

2.7. Stone Thickness. The recommended thickness of the armor and

secongary stone tnickness is about two stones, The crest width is normally A
no less than three units. These values are determined using the following

equation:

r = nk (N/Hr)1/3 (SPM, reference 4)
where: ~n = number of layers (2 for computing layer thickness and 2 for
-computing crest width)
k- = layer coefficient = 1
W = typical armor weight
Wr = unit weight of stone = 165 lbs/ft3
r = layer thickness

¥ o
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~ 3 Stone Size and Thickness for the Plans. Table 3 summarizes the
~asults ©f the stone sizing computations.,

Table 3
Store Weights end Thicknesses
Armor Units Seccrdary Layer
range of

2 W Units Layer Thickness Crest Wicth  W/10 Range of Units Layer Thickress

(%) (.OW-2W,1bs) (3,%) (8,ft) (1bs) (.SW/10-2%/10,1bs) 8,%)
© 4000 3600-3000 5.7 > 8.6 400 200-800 2.7
: 740 700-1500 3.2 > 4.9 74 2-1%0 1.5
5 4270-8400 6.0 > 9.1 470 240-340 2.3
> 200 18004000 4.5 > 6.8 20 100400 2.0

.5 Detarmining Crest Elevations. An adequate crest elevation would no:
Tiow cacxwasn, Sackwasn woula occur if water continued to overtop. The
JF after the available volume was filled and discharged back to the lake,
s C F will be filled and capped in one dredging season. Thus, backwash
only a possibility for one dredging season. The design criteria were
armined with this dredging schedule in mind. These include:

‘()(M l\)

o~
n
°3
“o
-

-
‘-

- Design water depth of +4.] feet LWD
(20% cnance of exceedence)

- dave period of 7.28 seconds from N-NE and 5.8 seconds from S-St.

‘gn storm wind velocity of 31 mph (35.5 ft/sec.) from the N-NE and

es’
-3

- Cesign storm duration of 24 hours.

ine overtopping analysis, a state-of-the-art methodology is aoplied.
*<'aily monochromatic wave theory was used evclusively. It is now
2~er3lly accepted that an irregulir wave approach is preferred. Using
272rance 5, “Summary and Applicat:ons of the TMA Shallow Water Spectrum",
i"allow water spectral form waves are used in crest elevation designs

ilner <Than monochromatic wave trains,

-

”n g « o

, !
- e

Jesian Wave Heights for Crest Elevations. Using the design critaria,

“te ax mum prodadie wave neignt 15 calcuiatad, This will be the basis for
2 overtopping design wave. This is done by calculating the depth limited




significant wave height (Hny). Since the proposec¢ CDF will be located in
intermediate to shallow water depths, the following series of equations are
used to calculate Hpy {reference 3):

Huo = depth lizited wave height

1
n (a;h)l/zT.

where

a,< = stape factors for speciral wave energy
densicty distribuction

a = 0.0078::0'1‘9
2.
x = Sy
L =
U = windspeed at 10 m elevation
g = acceleration of graviy
km = 21:/1.“l = wave number for waves at peak frequency
Lm = wavelength associated with peak frequency fm from linear wave
theory
= (gh)l/zT. in shallow water

'!',wv .
‘m ave period

h = depth of water

Then using Figure 2, the significant wave height (average of the highest
1/3 waves) is calculated from Hpg. Table 4 shows the significant wave
heignt computation results.

2.11 Crest Elevation Computations. The crest elevation of a CDF is
getermined Dy calculating wave runup, overtopping volumes and the time it
takes to fill the available volume. The design storm has a duration of 24
nours, Any crest elevation that allows the available volume to fill during
design storm conditions in less than 24 hours is not acceptable. That
would allow water to backwash into the lake. The available volume is
;mallest just before capping, Twree or more feet of cover material is
needed for :apping. In order to optimize the design, fill times for a
range of cap thicknesses (3 to 5 feet) were calculated,

t
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2.12 Punup, Overtooping and Fill Times. The procedure used to determine
how zhe COF will fill 1s as follows:

- Calculate the wave height yieldinc the runup egual to the structure

freeboard or in other words, the minimum wave height which will overtop
structure.

- Determine the average wave height of all the waves whose runup
reaches and exceeds the crest elevation and caiculate tne ave-age
propability of that wave occurring.

- Calculate the overtopping rate using the average wave height
over:cpping the structure.

- Since monochromatic waves are assumed in determining the
overtopping parameters and only spectrum waves are considered, the
overtopping rate must be multiplied by tne probadility of trnat wave height
occurring,

Tables 5 and 6 show the computation resul:s. From these results,
recommended crest elevations and aredge fill elevations were selected.

. Cross Sections. Plate 6 shows the zToposed typical cross
ection rtor each alternative plan,
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[LLINOIS GEOLOGICAL SURVEY BORINGS [N THE
VICINITY OF THE PROPOSED WAUKEGAN HARSOR COF

James Knox - 1986

Abstract

Ten borceholes drilled in 1979 and ten boreholes drilled in 1975 in the
vicinity of Waukegan Haroor provides information on three potential
nearshore borrow areas for beach replenishment material, Thickness and
volume o¢ useable sediment, grain-size characteristics, and organic and
metallic chemistry were obtained from the borehole samples. Average
tnicknesses for the three areas around Waukegan Harbor vary between 6§ and
15 feet (1.8 and 4.6 m). Average grain sizes for the three areas around
sdaukegan Harbor are 3.06% (0.12 rm), 2.53% (0.17 mm), and 3.31% (0.10 mm).
Most beaches sampled by the [1linois Division of Wacerways indicate grain
sizes larger than 2.0% (0.25 mm). Comparisons of the potential borrow
material with that of the native beach indicates very little compatibility,
The estimated amount of additional borrow material (overfill) needed to
create a specific volume with a grain-size distribution equivalent to the
native beacn varies from a minimum of three to greater than 10 times the
soecific volume, Thus these nearshore borrow areas should not be
cansidered as potential material for beach nourishment.

The proposed ZDF at the mouth of the Waukegan River would be underlain
oy from § to 13 Yeet of fine sand. Underlaying these Sands could be from
15 feet to 5 feet of Lake Michigan Formation loose silts and very soft to
sof< lacustrine clays, subject to exireme settlement or subsidence. This
matarial would saueeze out from uncer a dike with a thin underlying sandg
clanket. Under the Lixe Michigan sediments is a moderate hard %o hard clay
2111 that would be a very good dike foundation. The sand would allow
seaenage ana the clay/silt permit settlement., This =atarial may also bde
silty sanas or gravel with no intarvening soft or loose materials.

INTRODUCTION

A major portion of the [1iinois shore of Lake Michigan shows the
affocts of erosion that resulted from the nigh lake levels of the 1970's
ana 1980's. Amcng these effects are diminishing beaches wnich line most of
<ne shore. Some beach width changes are due to such short-term facglors as
vearly lake level fluctuations or storms, Of more importance, however, are
tne longer term lake level changes wnich operate in irregular cycles that
range frem 10 to 30 years in length. Beaches become narrow or disappear
antirely during several successive years of high lake levels, but usually
reestablish themselves during years of lower lake levels. For the most
pare, tharefore, erosion ana acceretion offset each other but if analyzed
over several cycles, accretion generally does not entirely regain the
ground lost to erosion. Therefore we can expect ongoing and continuing
ergsion of tne prasent shoreline.




The absence 'of a beach or the presance of only a narrow beach may .
. permit the full energy of the waves to impinge on the toe of a lake blyff
and undercut the bluff face with subsequent slumping., After the slump has
been disaggregated and dispersed by tne waves and littoral current, the
then denuded bluff is susceptibie to even greater erosion. As tne bluff
retreats, so do the beaches. If sufficient deach width can be maintained
t0 prevent wave attack on the toe of tne bluff, the most important cause of
bluff retreaz will be stopped, whereupon erosion and accretion will bde
balanced. )

Groins have come into widespread use for maintaining beaches along the
I11inois shore. Longshore drift trappea by the groins provices a buffer
between the lake and the biuff,

With an ever increasing number of croins capturing portions of the
littoral arift ang decreasing littoral drift moving soutnh from Wisconsin
into Il1linois, many of the beaches are not sufficiently wide to prevent oe
erosion of the bluff during higher lake levels or during severe storms,
Unager tnese circumstances, it it necessary not only to ouild groins but to
artificially fill them with sediment of a suitable grain size to provice a
stable beach of width sufficient to prevent toe erosion of the bluff,

As a temporary measure, unprotected eroding beaches can be widened by
adcing sediment; however, uniess an economical method of recycling sediment
from the downdrift end to the updrift end of the beach is also employed,
the beach will continue to erode and must be renourished periodically.
Toward this end, this report provides agata on potential nearshore borrow
areas that may contain sediment of a grain size suitable for use in
replenishing the I1linois beaches.

PURPCSE AND SCOPE

During June, 1979, ten boreholes were drilled in the nearshore sands of
Waukegan Harbor (figs. 1). Study of samples and logs of these boreholes
yieldged information on the grain size characteristics, thickness of
sediments, areal extent of potential sand bodies, and amounts of organic
and metallic pollutants. These data was utilized by the Il1linois
Department of Transportation, Division of Water Resources, to ¢etermine the
suitability of sand for direct beach nourishment or for use in conjunction
with other materials for maintaining beaches. These boreholes also
provided supplemental information on gepths to till or bedrock which will
be available in correlating subsurface information with land records.

This study was supported by contractual funds from the Il1lincis
Division of Water Resources. The [1linois State Geological Survey
supervised the drilling program, recorded drilling data and collected
samples for laboratory analyses. The drilling was performed under
subcontract by Soil Testing Services, Inc. of Northbrook, Illinois. Barge
and tug services were contracted to Falcon Marine Company of Waukegan,
[1linois. During the period of drilling, ISGS personnel completed a
hydrographic survey in the drilling area to obtain recent bottom topography
which was necessary for computing sediment volumes,




Along with the data presentad in this report, a summary of borangle
information from the July, 1976 drillinc around Waukegan Hardor (Norny ang
~ollinson, 1977) ‘is included as supplemental information,

METHOCS

£iald

Information provided by hydrographic mapping and previous drilling
getarmined the selection of borehole locations that best satisfy the stated
oojectives. As the drilling progressed, the drill hole locations were
jcjustad according to data obtained. The truck-mounted Mobile darill rig
‘nodel 861) was secured to a barge to provide a floating drilling platform,
The barge was positioned at each drilling site by tug boat. The position
of eacn hole was determined by ragar with triangulatior checks of xnown
snore locations. On station, the barge was anchored to the bottom by means
af two thirty-foot (9.1 m) stiff-leg spuds. In the drilling operation,
casing was set from the platform to the lake bottom, After each sample was
taxan, the casing was extanded and driven into the bottom,

Samples were obtained by one of two methods. In the standard method, -
used for grain-size samples only, a 1 3/8 incnes (3.5 cm) ID split-spoon
sampler was attached to the end of a hollow stem drilling rod, lowerea
tn~ougn the casing, and driven 18 inches (45.7 cm) into the bottom by
2izner a 140-pound (63.6 kg) drop hammer or more generally by a 350-pound
{123.9 kg) harmer which shortened the sampling time. The sampler was
withdrawn from the hole and the sample was collected and recarded. The
nela was drilled dewn through the last sampled interval and flushed. The
samolar was then driven another 13 incnes (45,7 cm) and the process
receatad, In the second method which was similar to the first, a S-foot
{1.3 m stainless steel Shelby tube, 2.24 inches (7.22 cm) ID and 3.0
ircnes (7.52 cm) CD, was usaa as the sampler, The inside of the Shelby
TuDe was wasned with detergent and rinsea with acetone followed by
nannograae hexane, The cleaned Shelby tube was used to obtain
Jyncsntaminated samples for organic and metallic chemical analyses as well
as “or grain size, Methods and equipment used in the 1976 drilling were
1esc~ioed by Noroy and Collinson (1977).

Lintoratary

Standard grain-size analyses were perforrmed with a series of 13 sieves
(11,S, Standard Sieve Series) at half-pni intervals. Table 1 shows the
¢~3in-size classification used in this report., Tables 2 through 5 show a
sirmary of the composite mean grain size, sorting, number of samples
analyzed, percentage of sediment coarser than 2% (phi) and 2.5% (phi) as
well as other physical data for each borenole.




‘The grain size values for each 1 1/2-foot (45.7 cm) split-spoon sample
were mathmatically averaged to obtain a composite sample for tne core. The
gravel found at the contact between the sand and the uncerlying tiil was
generally excluded from the composite, particulariy in tne deeper cores, as
it would shift the mean and class percentages to the ccarser end of zne
scale. In the 5-foot (1.5 m) cores wnich were more nearly complete, :h
samples were divided at.close intervals (3-10 cm) in the upper portion of
the first 5-foot (1.5 m) core to obtain more detailed chemical information
for that interval. Samples for the remainder of the core and for second
core, where taken were either divided at boundaries where grain-sizz
changes were visibly discernable, or at regular intervals, Ffor each core,
samples were statistically weighted and then averaged to obtain a comoosv*
sample, The 5-foot cores for 1974 were sampled in a similar manner,
although no samples were taken for cnemical analysis.

Hvarocraphy

Concurrent with the drilling program phase, bathymetric mapoing was
completed around Waukegan Harbor, The bathymetric data were gatnereg to
assist in finding the greatest accumulation of sediment and any changes in
bottom topography that had occurred since the 1974 mapping.

A comparison of 1974 maps with the 1980 map of the Waukegan area along
with adjustments to compensate for lake level cnanges suggests a gain of 2
to 3 feet (0.6 to 0.9 m) of sediment immediately south of tne Commonwealth
Edison pier and in a few areas with depths of 5 feel (1.5 m) or less.
However, much of the remainder of this reach between Waukegan Harbdor and
Commonwealth Edison shows a loss of between 1 to 4 feet (0.3 to 1.2 m) of
sediment since 1974, Examination of an unpublished 1975 bathymetric map of
this area on file at the Survey shows tnat most of this loss occurred
between the summers of 1974 and 1975.

South of Waukegan Harbor, 2 to 3 feet (0.6 to 0.9 m) of sediment has
accumulated in depths of 10 feet (3.0 m) or less immediately south of the
south jetty. In depths of 12 feet (3.7 m) or greater, no differences
greater than about one foot (0.3 m) could be found in comparisons witn 1974
maps. The small differences may be real or they may be due to small
inaccuracies in mapping or to different profiling patterns employed for the
two maps.

The change in bottom topography or lack of change is not surprising,
The lake levels during the 1974 survey (58l.1 feet or 177.0 meters IGLD)
and during the 1979 survey (580.0 feet or 176.7 meters) are only sligntly
different-and for intervening years, the lake level has not varied
substantially, At the time of the 1974 survey, the lake level has about
reached its peak after a dramatic rise which began in the mid-1960s. The
nearshore lake bottom, for the most part, had apparently adjusted to the
Jake levels rise by 1974 or 1975, as very little change has occurred since
then, with the exception of an area north of Waukegan Harbor which had
adjusted by 1975, No surveys have been made since 1975 in this area,
therefore variations in the bott:m topography may have occurred in this
time interval,
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Table 1. Wen=wwcrih grain size class:ification and sieves ysed in §rain s:ize
analys:s
Size Class Class limizs U.S. Standard
Sieves used for
mm nhi analvsis
Soulder
256.00 —_— -8.0
Cobble
64.00 — =5.0
Febble
4.9 — =2.0 — S
Granule 2.83 -1.5 7
- .2.00 —— -1.0 ——e— 10 o
Jery coarse sand 1.41 =0.5 14
1.00 —e 0 — 13
Coarse sand 0.71 0.5 25
2.80 ———— 1.0 —— 3s
Madium sand 0.35 1.5 45
0.23 — 2.0 ——n 63
Tine sand 0.177 .5 80
0.125 — 3.0 s 120
Yery fine sand 0.088° 3.5 170
0.062 emmme 4.0 —— 220
Sils
1 0.3039 —— 8.0 ~
Clay
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,W Table §. Mean yratn size of prencurished beaches and other beaches along the 111inors, shore in 1946 and
. 1956 (trom [Hlinois Department of Public Works and Buildings, pDivision of Waleiways, 1952)
& Municipality locat ion Mean grain size (mm)
1946 1950 1950
“HWater's edqge Water's edqe | Mid-beach
Winthrop llarbor State line 0.3 0.40 0.26
Camp Logan 2500* N. of 17th st. 0.50 1.50 0.26
Zion Arlel Ave. 0.133 2.50 0.25
I11. Bch. St. Pk. Beach Rd. - 1.00 1.50 1.36
I111. Bch. St. Pres. 7000* N. of Waukegan boundary 0.68 0.42 0.27
Waukegan Commonwealth Edison Pier 0.95 0.22 1.688
500° H. of Seahorse br. 0.20 0.15 0.16
Southern Harbor jetty 0.18 0.16 0.18
Waukegan River 0.10 1.00 0.26
Horth Chicaqgo 0.5, Steel = 1.00 0.50
Great l.akes Northern Harbor jetiy 0.19 0.28 0.20
l.ake Bluff McCormick-Blair property 0.130 6.17 -
500° N. of Center Ave. 0.132 0.50 0.27
Lake Forest Deerpath Ave. 7 0.50 0.38 0.31
' 2000* N. of Westleigh Rd. - 0.3 0.30
Fort Sheridan 700 S. of Lake Forest boundary >10.00 0.50 0.22
ttighland Park 1500* S. of lFort Sheridan boundary 2.40 0.24 0.25
) 0ld Sewage Plant 2.00 1.00 0.33
Clavey Ave. 0.30 0.23 0.21 g
Winnetka 1500* N. of Tower Rd. >10.00 - _
Winnetka Ave. 0.23 - -
HWilmette 10th St. 0.56 - -
Chicaqgo l.oyala Park 0.20 - -
Foster Ave. 0.28 - -

(

1.7
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The star indicates a conservative overfill factor for sed-meﬂ: f::'
Area A based on the nine borehcles drilled within the area in ‘9/.»
The overfill factor applies %o use for replenishment of Lake Micni®
beaches in Illincis. Values used are uy = 3.08, uy = 2.0, -; =
and 0 = 1.0. The open circles represent separate overfill fac:
for each of the nine boreholes ( table 2 has values for u, ar and c.

S ET



fperaid

30REHOLE RESULTS

Sadiment Distribution around Wauk2gan Hardor

The drilling data and fathometer survey indicate three areas (Area A,
3, and C) of mcderate sediment accumulation around Waukegan Harbor (fig. 1).
Area A, south of the south harbor jetty, is approximately 250 acres (1.0
«1¢). Here nine dboreholes from the 1979 drilling (table 2) and three holes
from 1976 (table 4) indicate an averdge thickness of 10.1 feet (3.07 m) of
saqiment. As the boreholes do not represent equal areas and the subbotznm
nas an irreqular topography, some adjustment in this average thickness
needs to be made. Seven of the boreholes indicate consistent thicknesses
setween 7,25 ana 9.0 feet (2.21 and 2.74 m). Three boreholes snhow a
cypically high thicknesses for the area. Two of the three holes have an
yoper unit of sana and a lower unit that ranges between a very poorly
sorzed ( = 2 %0 &) and an extremely poorly sorted ( >4) sediment
consisting primari]y of angular dolomite gravel. Sigma ( ) is a sorting
caef‘1c1ent or the standard deviation from the mean grain size. The grave!l
#as possioly derived from glacial abrasion of dolomite bedrock highs, some
of wnich are only a few hundred to a few thousand feet to the north and
23st, The gravel unit lies below the elevation of the top of the till e
sucbottom and it may be in a pocxet scoured out by the glaciers or in a
crannel of the ancestral Waukegan River. An adjustment by subtracting the
gravel unit in the three atypical boreholes results in sand thicknesses of
5, 9, and 9 feet (1.8, 2.7, and 2.7 m), The adjusted average thickness for
tne doreholes is now 7.4 feet (2.25 m) which is considered typical for the
area, Another 1 foot (0.3 m) of sediment is added to this average to allow
for pockets @r channels of sadiment, Area A cgntalns a volume between 2.0
and 1.5 x 10° cubic yards (2.3 and 2.7 x 108 m The average grain size
‘or the saaiment in 11 of the 12 borenoles is 3, 06# (0.12 m). Roreholes
w-.3 is not usec in tnis averace as it contains a lower unit of angular
20'omita gravel and copbles, This average is not weighted between
screnoles dut it is a useful guide to the general grain size for the volume
ranrasanted. '

Area B, eagt of the Waukegan Harbor mouth contains approximately 90
acras (0,36 xm<)., The bottom and subbotiom configuration is significantly
trrequiar, therefore the 6.3 foot (1.9 m) average thickness for the three e
n0las c¢rillea tnere in 1976 is only approximate., Using the average
inicxpess a sediment volume of approximately 0.9 x 106 cubic yards (0.69 x
100 m~) is calculated. The grain size for the three holes, wnich varies
gr2atly, averages 2.53% (0.18 mm).

Area C contains adout 450 acres (1.82 km2) and lies. between Waukegan
darsor's north jetty and the Commonwealth Edison pier. The average
szgiment thickness is around 15 feet (4.6 m) based on 4 boreholes as well
as pQttom and suboottom profiles. Approximately 11 x 10° cubic yards (8.3
x 10° m3) of sadiment uncerlies Area C. The grain-size average for the 4
noles drilled here in 1976 is 3.31% (0.10 mm). The grain size, as in many
areas, becomes coarser tlosere to shore as indicated by hole W-6 (3.15% or
.11 mm). The subbottom is generally till but bedrock is believed to be
rapgresented in saveral borenole,
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Organic and metallic chemical analyses are being performed only on
borehole WH-2 and WH-4 in Area A, Final results of tne analyses are not
yet available but preliminary results co not indicate any abnormalities,

GRAIN-SIZE CHARACTERISTICS OF BEACHES ALONG THZ [LLINOTS SHORE

A comprehensive statistical study of the grain size of beach material
along the [11inois shore is beyond tne scope of this study, even tnough tne
report would benefit from such information. Knowlecge of the approximate
grain size and sorting coefficient, however, is critical in determining tne
capacity of a given grain size to remain stable on an I[1linois bheach unger
anticipated conditions.

The grain-size distribution on a Lake Michigan beach will vary
seasonally or even daily, due %0 storms, lake level changes, wave ciima:e,
etc., but these changes are generally not as extreme as those that occur on
oceani¢ beaches. Grain-size variations also exist along the beach
depending on protection of the beach from waves, angle of incoming waves,
nearshore slope, etc. They also exist across the beach with the most
extreme variations occurring near the swash zone. Thus one or two samples
taken on a beach compared with samples taken at other times and from other
beaches are not sufficient to classify beaches into categories with any
confidence unless the grain sizes tend to be consistent within some range.
The Il1linois State Geological Survey has collected samples at various times
under various conditions along the I1linois shore with most samples
concentrated in the [1linois Beach State Park. Three different beach
profiles were shown with 5 to 10 samples per profile, The sample with the
finest grain size had a median diameter of about 2.0% (0.25 mm). It was
collected from the swale behind a washover bar.

In 1952, a report was published by the Illinois Department of Pudlic
Works and Buildings, Division of Waterways which shows grain-size gata for
the years 1946 and 1950 at numerous locations along tne entire I1linois
shore (table 5). The 1946 data are only for the water's edge (probably
swash zone) and the 1950 data for the water's edge and mid-beach. The
samples were probably collected in a consistent manner over a relatively
snort time interval for each of the two years, thereby providing a range of
values for comparison with the nearshore sediment values, Table 6 shows
tne smallest grain-size diameter to be 2.75% (0.15 rm) for samples taken in
1950 from the north side of the northern Waukegan MHarbor jetty. Only 16
values of the 62 grain-size values for 1946 and 1950 are finer than 2.0f%
(0.25 mm), The grain sizes for the mid-beach samples are more closely
grouped and give a good indication of what wculd be stable on the inactive
beach. The Towest value is 2.65% (0.16 mm) but 14 out of 19 values occur
between 2.35 (0.20 mm) and 1.6% (0.33 mm) with an average of 1.99% (0.256
mm) for these 14 values. These data suggest that material of an average
grain size of 2.0% (0.25 mm) may be stable on the inactive beach but that a
larger grain size is required for stability on the active beach,
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3erg (1980), in a companion repor:, has compiled detailed information
.n cne grain size specificaticns of nourishment material emplacad on
saveral public beaches along the [11inois shore, Berg resorted that the
yorzn Shore Sanitary District emplaced a pea gravel material (approximately
.1.0% or 8 mm) along the shore in both Lake Bluff and Highland Park at
several times since 1973, This material has been very stable over the
snors time interval during which higher than normal lake levels have
sravailed. In 1978, material with a mean grain size of -1.31% (2.5 m),
was emplaced along part of the Fort Sheridan shore as part of a Corzs of
tngineers bluff erosion control program. This project area, however, has
nc: had sufficient time for a reliable test, The city of Evanston
nourisned its beacnes with material which required a specified mean grain
size of at least 1.03% or 0.484 mm (U.S. House of Representatives, 1965).
In tne same report, sand from the lake bottom at Wilmette Harbor and at
sacxson Park, which had respective grain sizes of 2.18% (0.221 mm) and
2.12% {0.220 mm), was considered unsuitable for nourishment of Evanston

beacnhes,

2erg (1980) briefly commented on criteria used by others in
renourishing depleted beaches and their results., The conclusion is that
renourishment material should be similar to the native beach in its grain
s12ze gistribution or if possible slightly coarser material should be
utilizea. On some beaches, it may be possible to use a sediment of a finer
grain size than the native material provided the native material is
relatively coarse and that the beach is stable. In these instances, the
seach and nearshore profiles readjust to the finer sediment by forming a
nor2 gentle slope. One such example might be an unprotected beach which
has gained some wave protection either naturally or artificially. Staole
yeacnes, however, are seldom nourished beciause they are stable. Beacnes
ars generally renourished because they are unstable. Hobson (1977) nas
incizated in cases where erosion is prevalent, that the grain size of the
mative or presant matarial is not c¢sarse enogugh %0 provide stability and
snat any rencurisnment matarial should be somewnat coarser than the native
seciment.

What is the minimum grain size that can be used in rencurishment of
acnes? This depends greatly on the particular situation, but Bascom
1331, p. 863) aftar an intensive study of apout 340 beaches on the West
sast, ingicated that “wave action, even in the most protected locations,
aems to remove sand smaller than 0.17 mm from the beach face." In taoles
2 and 4, the percentage of sediment coarser than 2.5% (0.18 mm), but not
including borenoles with gravel pockets, varies between 5,2 and 45.8% in
the boreholes around Waukegan Harbor. The percentage of sediment coarser
snan 2.0% (0.25 mm), which the city of Evanston would probadbly consider too
fine to be used on their beacnhes, varies from 2.6% to 22.7% for those same
Sorsholes. Sediment of the 2.0% and larger size would most likely be
1ncorporated into the native beach matarial, but this grain size forms such
a small portion of the borrow area, that larger overfill factors would
result, (An overfill factor is the additional amount of material needed
frem a borrow area in order to produce a specified volume of sediment that
is equivalent to the native material in grain size distribution.) Also,
scme of the 2% size fraction might be lost with the main mass of finer
<ediment during the large winnowing action.




If sediment from Area A (the coarsest main arez) was utilized as a
borrow area and if sediment coarser than 2.5% was found to be stable on
specific beaches, then about 28% (averaging 11 borenoles in Area A) of the

" sediment is coarser than 2.5¢ and approximately 3.5 times the specified

volume of sediment is required to produce a volume with the minimum grain
size of 2.5¢, If the minimum grain size is deemed to be 2.0¢, then adbout
10% of the sediment is coarser than 2.0% and approximately 10 zimes :ne
specified volume is required.

Several sedimentologists (Krumbein and James, 1965; Dean, 1374; James,
1974, 1975) have devised mathematical mocels and formulas to use in
estimating compatipility of borrow and native sediments along with overfill
factors when these two sediments are not totally compatidble. kobson (1377}
has compared these models and the model which seemed to take mess
parameters into consideration was tne adjusted SPM method of James (1875},
This method assumes that losses to the fill material will be from all sizes
finer than the critical size but that material coarser than tne critical
size willb e retained. Estimates of this overfill ratio can be ohtained by
using the graph in figure 4, The information required to use the ¢raph are
the phi mean grain size and phi sorting coefficient (standard deviation)
for both native and borrow composites. The mean grain size ( ) for borrow
Area A averaged 3.08% (0.12 mm) for the 9 boreholes of 1979 and the average
of the sorting coefficient ( ) is 0.81. The sorting coefficient is
probably a little high as it should be determined ‘rom a composite mixed
sample rather than from arithmetic averaging of several composite sampies.
For the native sediments some assumptions will need to be made in order to
determine values for , and ,. From an analysis of Table 6 given earlier,
a minimum average , is probably greater than 2.0¢ {0.25 mm), but we will
use p = 2.0¢ in this case. Sorting coefficients of the beach samples were
not given in the report by the Illinois Division of Waterways (1952).
However, beach sediment is normally moderately sorted ( = 0.7 <o 1.0) o
poorly sorted { = 1.0 to 2.0). Values lower than 0.7 and higher tnan 2.0
also occur, Bascom (1951) noted that sorting coefficients of beach face
sand were usually between 1.1 and 1.3, Unpublished data from bdeach samples
in I1linois Beach State Park also indicate 1is often greater tnan 1.0, tut
in tnis hypothetical case, o, is set at 1.0. The pni mean difference and
phi sorting ratio are calculated from the four values given and tne
intersection of the two ratios are shown by the star in figure 4. This
point lies within the unstable fill area but close to the fill factor
isoline of 10.0. In addition to the phi mean and phi sorting for Area A as
a whole, values for each individual borehole were calculated and marked on
the graph in figure 4, Individual boreholes again fall within the unstable
fill area although four boreholes fall near overfill factor isolines of 3,
7, and 10, If the mean grain size difference of the borrow and native
sediment <increases or the sorting coefficient of the borrow material is
lower or the sorting coefficient of the native beach is higher, then the
plot of the points will be farther away from the overfill isolines,
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SEDIMENT  DISTRIBUTION AROUND WAUKEGAN HARBOR
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ScCTION 1
PURPOSE AND NEZD FOR ACTICN P
:
--z £xiszing Federal Navigation Project at wWaukagan Harbor was
_ —=z""v zutnorized by the River and Haroor Ac: of 14 June 1280 and by
*ose-ue-z zous of 1882, 1902, 1930, 1945, 1963, and 1970. The hardor was
- =z-zzzez in 1969. The existing project is cescrided in the main body
:J --a z=z2 selection report of which this preiiminary assessment {is part.
~ne Dur-os2 of the recommended work is to maintain harbor navigation

Pt z>mercial and recreational) by periodic dredging to authorized
s-=7= %0 ine Federal channel and by maintenance of existing Federal
~-zu-2c. 1he need for dredging in Waukegan Hardor arises from the

s =iz Tormaticn of shoals and sedimentaticn, which decrease channel
-7z =D 1255 than what is needed. The estimate2d backlog of sediments
<7 ==2 Faderal channel in 1986 is approximately 135,000 cubic yards

2. &=y Corps of Engineers, 1984), This includes 7%,000 cubic yards of
ee-zz liz2z, sandy sediment in the outer chanrel which will not require
Jo——=nez zisscsal and 60,000 cubic yards of pciluted sediments. In addi-
--=r, uz I3 127,300 more cubic yards of polluted haroor sediments cutside ~
o == zutnorized Federal channel may also be credged. These polluted
-»—evzs ccntain high levels of many contaminants and PC3s between 1 and

= znd will require confined disposal. Dredging is needed in order to
h

=-T=2%n Ine authorized navigation desth and ts remcve csntaminants from
—2 z-visonoent. If the harbor is not dredged bot:iom sediments will con-
<-nz =z =uild up and PC3s and other pollutants will remain within the

d ¢m.z=" 2 s~virsmment,




SeCTION 2

ALTERNATIVES

PLANS ELIMINATED FROM FURTHER STUDY

Fifteen alternative sites were evaluated for selection as disposal
sites between August 1982 and April 1984, As a result of meetings witn the
[11inois DOT (Division of Water Resources), I111nois EPA, U,S. EPA,
Waukegan Port District, Lake County Planning Commission, and Lake County
Health Department, all but three upland sites (sites 1, 4, and 16). ware
eliminated from further consideration., All fifteen sites were discussed in
a preliminary assessment included in the April 1984 site selection report.

Site 9 was eliminated from further consideration at an interagency
meeting on 19 May 1983 for environmental reasons, but is again being
considered as a CDF site.

NO-ACTION ALTERNATIVE

~ The no-action alternative would consist of not dredging the Federal

: navigation channel within the harbor theredy eliminating the need for a
confined disposal facility (COF). The overall environmental conditions
will remain as they currently exist except that sediments will continue to
build up within the channel,.

PROPOSED PLAN (SITE 9)

The proposed plan calls for dredqging the Federal navigation channel
and other areas within the hardor and placing the polluted sediments within
a COF. The CDF would bde filled and capped in one season. It would he
located at Site 9 of the previous site selection study (U.S. Ammy Corps of
Engineers’, 1984), This site {s located in Lake Michigan adjacent to the
south jetty wall of Waukegan Harbor (Plate 1), Four CDF plans are proposed
near the mouth of the Waukegan River (Plans 9Al, 9A2, 981, and 982). They
" vary in snhape.and size, but are located in almost exactly the same location
~ at Site 9, This proposed plan 1s discussed in detail in the supplemental
sita selection repart of which this assessment is part,

COMPARATIVE IMPACTS OF ALTERNATIVES

Since four COF plans are proposed for the same site and vary only in
shape and size, their envirommental impacts will be relatively equal., The
significant adverse environmental impacts of maintenance dredging and COF
construction/operation would be 1) a temporary increase in turdidity during
dredging and construction and 2) loss of about 15 acres of aquatic habitat
through conversion to landfil1l., The principal adverse impact of the no-
action plan would be the hindrance to navigation resulting from accumula-
tion of sediment in the Federal channel and potential for continued PCB
contamination of Lake Mfchigan.




SECTION 3

AFFECTED ENVIRONMENT

GENERAL ENVIRONMENTAL CONDITIONS

The Waukegan Harbor study area lies along Lake Michigan in Lake County,
I1linois. The area is primarily residential and commercial/industrial.
The area immediately surrounding the harbor and the proposed COF site is
primarily composed of active and abandoned industries,

The area experiences warm, humid summers and cold snowy winters.
Average precipitation is around 33 inches per year including an average of
39 inches of snowfall., I[n summer the average temperature is 71°F wniie in
winter the average temperature is 25°F. Area weather is controlled, in
part, by the "lake effect“. In late fall and winter air masses that are
initially very cold often reach the area after tempered by passage over the
lake. In late spring and summer air masses reaching the area from the
north, northeast, or east are cooler because of the movement over the Great
Lakes.

Lake County is in the Wheaton Morainal country of the Great Lakes Al
section of the Central Lowland province. In general, it has gently sloping
relief and poorly defined drainage patterns. Many drainage ways terminate
in marshes and depressions. The extreme eastern edge of the county for two
to three miles inland drains into Lake Michigan which serves as a water
source for most of Waukegan and surrounding communities (U.S. Army Corps of
Engineers, 1984),

PHYSICAL AND GROUNCWATER RESOURCES

The selected site for the propdsed COF is an open water location, with
depths of 5 to 10 feet along a rubble/riprap filled shoreline, in a semi-
deserted industrial area near the mouth of the Waukegan River,

No use of groundwater for industrial, commercial, municipal, or
residential purposes is known near the proposed COF,

STOIMENT QUALILTY

Physically the bottom sediments of the Federal channel at Waukegan
Harbor are of two basic types. The bottom sediments along the north pier
and in the entrance channel are mostly sand and silty-sand. These
sadiments most probably represent littoral drift, or sand blown over the
north pier from the beach area adbove of the harbor. The second basic type
of bottom sediments in Waukegan Hardor are sandy-clay and silts present in
the inner harbor areas. .




(nemically, the sediments of Waukegan Har>or ware evaluatad based on
the “Guidelines for the Pollutional Classification of Great Lakes Hardor
Sediments® (U.S. Environmental Protection Agency, 1977)., These quidelines
were developed to meet the need for “immediate decisions regarding the
disposal of dredged material“. The guidelines are based on several
assumptions including:

“The variability of the sampling and analytical technigues

is such that the assessment of any samples must be based

on all factors and not on any single parameter with the
exception of mercury and polychlorinated biphenyls (PCB's)."

The sand and silty-sand sediments were generally not polluted with
merals or organi¢c contaminants. A summary of the pollution classification
of samples from this area is shown on Table 1.

The sandy-clay and silty sediments of the inner harbor areas are
characterized as “"moderately"” to “heavily polluted"” with some heavy metals
and "moderately polluted" with organic matter and nutrients. A summary of
tne pollutional classification of these sediment samples is shown in Table

The concentration of PCB's in the bottom sediments of Waukegan Harbor
varies with location and depth, The U.S. Environmental Protection Agency
(1981) divided the harbor into areas of specific PCB concentrations
(Plate 3 of Site Selection Study). All areas of the Federal channel are
identified as having PCB concentrations less than 50 ppm. Grab and core
samples of the sandy-clay and silty sediments of the inner hardor contained
PC3 levels well below 50 ppm (U.S. Army Corps of Engineers, 1983),

Analysis of the silty-sand and sand sediments showed PLB concentrations
less than 1.0 ppm throughout (U.S. Army Corps of Engineers, 1981).

Elutriate tests are designed to demonstrate the release or solubilization
of contaminants during dredging and/or disposal. The standard elutriata
tast was developed to evaluate the impacts of open water disposal of
hyaraulically dredged materials. A sediment and water mixture is prepared
ang agitated. The soluble fraction is then analyzed for contaminants.
Standard elutriate tests conducted with Waukegan Harbor sediments (U.S.
Army Corps of Engineers, 1982) demonstrated little or no release of con-
taminants into solution. These results are in agreement with the findings
of tne Corps' Oredged Material Research Program which conducted exhaustive
tasting of dredged material around the country. Most heavy metals were
found to be tightly bound to the silty-clay particles of urban sediments,

Chlorinated hydrocarbons are very hydrophobic substances. PCB's in the
environment are adsorbed onto soil/sediment particles. In Waukegan Hardor
the PCB's present are tightly bound to the organic silts and clays of the
upper harbor and are not readily leached into solution.
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Table 1

Summary of pollution classificatian

of sand and silty-sand sediment samples

PARAMETER
flalalai B2

yolatile Sotids

Chemical Oxygen Demand .

0il and Grease
Nunonia-Nitrogén
Total Kjeidahl Nitrogen
Phosphorous
Cyanide

Arsenic

Barium

Cadmium

Chromium

Copper

[ron

La2ad

Manganese
Mercury

Nickel

Zine

Non-

Polluted

19
13
19
17
18
19
13
4
15
»
18
9
19
- 18
16
»
19
16

+ Jower limits not escablished

Moderately

Polluted

10

Heavily

Pollutad




Table 2 Summary ~f pollution clacsification
of sandy-clay and silty sediment samples

PARAMETER

Yolatile Solids
Chemical Oxygen Oemand
0il and Grease
Nnnon1a-N1irogen

Total Xjeldahl Nitrogen
Phosphorous

Cyanide

Arsenic

Barium

Cadmium

Chromium

Copper

[ron

Laad

Manganese

Mercury

Nickel

line

Non-

Polluted

6
7

o O @

10

10

* Tower 1imits not established

Moderately

Polluted

3
3

Heavily

Polluted

5

11




An estimated 75,000 cubic yards of sand and silty-sand sediments having
little or no organic or metal contaminants and PCB levels less than 1.0 ppm
will require removal. These sediments could be used as beach nourishment,
construction fill, or disposed of in open water. An estimated 187,500
cubic yards of polluted sandy-clay and silty sediments from the Federal
channel and other areas of the harbor will require removal and placement in
a COF,

WATER QUALITY

At the present time extensive, recent water quality data for Hahkegan
Harbor and the Lake Michigan shoreline near Waukegan is lacking. However,
the U.,S. EPA reports that PCB levels in harbor waters, nearshore area
waters, and open lake waters are all exceeding current water quality stan-
dards. These elevated levels are of concern die to biocaccumulation in fish
and possible human contamination by eating these fish, PCB levels in open
lake waters range from 5 to 10 ppt (parts per trillion).and up to 50 ppt in
nearshore waters. These levels are substantially above U.S. EPA recom-
mended levels of one ppt or less which is designed to reduce PC8's in fish
to levels that are acceptable for human consumption. PCB levels in
Waukegan Harbor waters are substantially higher-and range from less than
100 ppt in the harbor channel to several thousand ppt in Slip #3 (U.S.
Environmental Protection Agency 1981).

These PCB levels are presently not considered to be a threat to the
auxiliary public water supply intake which is located within the harbor
channel and is used only one or two days a year. Monitoring of water taken
in during periods of use has always shown PCB levels well below the current
U.S EPA recommended maximum of one ppb (1,000 ppt). In addition, this
water is treated before public use and PCB's have not been detected in the
treated water (U.S. Environmental Protection Agency 1981).

As this project progresses more water quality information will be
incorporated into future reports. Water sampling and analysis for other
contaminants will be obtained as necessary at the harbor, proposed COF
site, and near shore waters near the harbor,

ACUATIC COMMUNITIES

Research on present conditions in the study area (Lake Michigan near
the mouth of the Waukegan River) is not available, The closest location
with avajlable data to the study area is approximately 2 miles north (near
the Waukegan Generating Station). Stations 23, 25 and 27 of an investiga-
tion by Commonwealth Edison (1972) refer to a sampling location 2 miles
north of the study area at depth contours of 10 ft, 20 ft and 60 ft,
respectively, for phytoplankton and zooplankton, Stations 23, 24, 25, 26
and 41, 42, 43, 44 refer to 10, 20, 30 and 40 feet contours, respectively
for 8 locations in the same area for benthic fnvertebrates. Farther north
of this area, the investigators had 12 more phytoplankton and zooplankton
stations and 32 more northerly sites for benthos. Six sampling zones were
established between station 23 and Zion for fish sampling, Since fish are
far more mobile than invertebrates all six zones and all methods used in
this investigation are considered near the study area (Lake Michigan near
the mouth of the Waukegan River).
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phytoplankton

The phytoplankton in Lake Michigan is dominated by diatoms with blue-
green and occasionally green algae. The southern end of the lake (Chicago
area) has two major phytopltankton (blooms) pulses: one in spring, the
other in the fall. (Great Lakes Basin Commission (GLBC, 1976) The spring
pulse consists almost entirely of diatoms, including species of
Astaerionella , Cyclotella, fragilaria, Stephanodiscus, Tabellaria and
Welosira, but popuiations of dlue-green algae, for exampie Microcystis and
Aonanizomenon, mix with these diatoms in the fall pulse. Pilings and
suomerged structures are covered with mats of green algae (usually
Cladoohera) up to several inches long (USACE, 1969; verified by telephone

conversation with Bill Schmeelk, MSDGC on 4-23-86 as a still v1ab1e

description of southern Lake H1ch1gan phytoplankton).

Industrial Biotest Laboratories, Inc warking for Cammonwealth Edison
(CEC) in 1972 identified 349 taxa representing 116 genera from six algal
divisions in Lake Michigan near Waukegan and Zion, Illinois (CEC, 1972).
The most abundant (dominant) taxa for the area near the Waukegan Generating
Station are listed in Table 3.

The dominant phytoplankton are the diatoms, Stephanodiscus binderanus
and S. hantzchii vel tenuis by number and the diatom, Rhizosolenia eriensis
by volume in the three stations nearest the study area. lhe inshore sta-
tion (23) had the greatest abundance of Chlorophyta (Green algae), total
phytoplankton and Tabellaria flocculosa than any other stations in the
investigation,

An associated part of the phytoplankton investigation was a produc-
tivity study using light-dark bottle estimates of carbon fixation rates and
chlorophyll a concentrations,

Since station 23 had significantly reduced phytoplankton productivity
(carbon fixation rates) by comparison with other stations in this
investigation, thesa data may not be very renresentative of what might be
expected in the study area farther from the impacts of the Waukegan
Generating Station. Total Chlorine at Station 23 (0.14 mg/1) may have an
innibiting effect on the nearshore biota (due to the combined effect aof the
power plant and the North Shore Sanitary Oistrict’'s Waukegan Sewage
Treatment Plant). However mean yearly enumerations of the majority of the
algal groups and dominant taxa were greater at Enese three stations than at
more northerly ones. :

looplankton

ODiaptomid copepods dominate the biomass of the Zooplankton; however,
protozoans and rotifers may also be present in great numbers. Cladocerans
are abundant during the summer. There appears to be one major 2ooplankton
peak annually. The oppossum shrimp, Mysis relicta, and the amphipod,
Pontopereia affinis, are dominant in deep, colder waters. The shallow
water fauna are somewhat typical of smaller lakes. Benthic species include
midge larvae, oligochaete worms and sphaeriid clams. Also included are
snails and nympns of the mayfly and caddisfly (USACE, 1969).

[ 2AL



Table 3. Grand sean rarking of mjor algal divisions axl dwminant taxa near Zion and Makegan, 1llinols, 1972, (tram CEC, 1972)

Location 23 Locatfon 5 Llocation 27
Reparting 1 Report Tng 1 Reporting {
Taxon ' Rank Wi tsjm Occurrence Rark nits el (ccurrence Rak. unitspal (curvence
Centrales 1 1 1 1%8 1 fo
Pennales 2 560 2 9n 2 28
Bacilariophyta total - 162 ;.1 - 8n m.A - 138 83.6
(hloraphyta (] (1) 2.8 ] 0 2.4 4 7)) 2.9
Owysaphyta S » 1.5 S n 1.8 5 " 1.8
Cyanogphyta 3 154 1.3 3 57} 6.3 5 168 10.5
Total Mytaplankton - a1 100 - 219 1 - WOt . 100
%lmﬁ binderanss | 2% 12.1 | y.))) 13.8 ] 128 8.0
Tephanndiscus Rank 25chiT vel tonuls 2 ) .o 2 8 12.7 i} 3 8.9
Falzosolenla erfensis 5 % 45 4 mw 4.8 ? Y 2.6
Yahellarla Nocalosa 3 1% 6.4 k) 129 6.1 1 159 9.9
Fragilaria crotonensis 4 10 6.2 5 9 4. 2 150 9.4
E?;RE_ETITTE“—T- 6 n 3.6 6 ® 1.9 6 (%] 3.9
Tocystls laastds 9 1 0.1 9 2 0.1 9 2 0.1
hryon divergens 8 10 0.5 8 1] 0.] 8 19 1.2
t&i%‘lmm naeqelianm ] B 1.6 1 » 1.7 5 100 6.3
Blovolume
Ncrollters] % Rcrollters] 1 Wcrollters] %
Yanon Rank liter Occurvence Rark Mter Ocawrence Rank Wter QOocurrence
Centrales 1 045 | 0.43 | 0.34
Bacillariophyta total - 0.1 m.S - 0497 n.s - 0.606 0.7
hlorophyta 3 0.1m 12.0 3 0.119 12.) 3 0.110 1.2
Crysoplyta 4 0.6 S.1 4 062 6.6 5 0.066 6.7
Cyanogihyta 5 0.01) 3.4 5 0.1M2 48 3 0.10 n.2 -
Total Pytoplankton - 0.906 m - 0.9% 10 - 0.904 no
St isaus binderanss 2 0.1 .5 2 0.141 15.1 2 0.4 1.6
St"q%lm hank2schil vel tenuis [} 0.0% 3.9 ? 0.0 33 ? 0.022 2.2
Rlzosolenla erfensis 1 0.2M 58 1 0.2 7.6 3 0.110 n.2
YahellarTa Nocculosa 3 0.0 n.a 3 0.115% 12.3 1 0.164 16.7
Fragilarla crotonensTs s 0.0 34 6 0.013 3.5 4 0.063 5.4
KterloneNa Towsa 8 0.014 1.6 0} om) 1.8 8 0.06 1.6
Tcystis laastria ] 0.0 2.2 4 0400 5.3 6 0.0 1A
Diwheyon divenyms 6 0.e} 2.5 ) 0.0M 3.6 5 0.4 4.4
Colidbaeriun naegel amm 9 0.2 0.2 9 0.me 0.2 9 0.mz 0.2
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Industrial Biotast also sampled stations 23, 25 and 27 for zocplankton
and summaries of this investigation can be found in Table 4, Note that
during this investigation Cladocera, especially Bosmina longirgstris
dominate the zooplankton catch and the percent occurrence of tnis organism
decreases as one proceeds away from shore (from S0% to 21%). B8,
longirostris was the dominant organism caught in this investigation (CEC,
[372). Tne fact that other Bosmina species are not taken leads some
investigators to use B. longirostris as a replacement for B. coreqoni due
to increased eutrophication. However, B, longirostris was present In
oligotrophic Lake Huron as early as 191%, "ATso, turytemora affinis and
Cyclops vernalis are recent additions to the zooplankton of Laxe Micnigan
!éLEC, 1378).

Benthic invertebrates

0ligochaete worm pooulations in Lake Michigam are concentrated in the
southern end while amphipods are concentrated in more northern nearshore
areas producing a north-sguth gradient in the ratio of the two taxa.
Dist~ibutions of Peloscolex multisetosus and Limnodrilus cervix
(tubificids) seem to concentrate near larger cities indicating pollution
! tolerance in these two species. Chicago is unique in that these two spe-

: cies are not very common near its shores indicating less pollution since
~ . most sewage effluent is passed away from Lake Michigan to the Illinois
River (GLBC, 1976).

.

et

Eight localities near the Waukegan Generating Statfon (approximately 2
miles North of the study area) were sampled for benthic invertedrates in
1972 by Industrial Biotest (CEC,1972). Table S 1ists the total numbers of
each taxa for all 8 stations (23-26 and 41-44), depth contours 10-40 ft,
in each transect.

In the Waukegan area the mean abundance of benthos increased with
sample depth as did total organic cardon content of the sediment.
Crystacae were the mos?t abundant benthic organisms represented almost
eatirely by the amphipod Pontoooreia affinis (more abundant at the Waukegan
stations than at more northern stations. Jecond in abundance throughout
the 40 stations were oligochaete worms., Potamothrix moldaviensis and
Limnodrilus hoffmeisteri were the dominant tubificids wnich aiso had higher
mean apunaance in the Waukegan area as did spnaeriidae (fingernail clams).
~ Midges (Chironomidae) were low in abundance tthroughout the investigation
and gastropods were rare at all locations (CEC, 1972).

Table 6 reviews the number of zooplankton and benthic taxa reported in
Lake Michigan the Great Lakes Commission and Commonwealth Edison Company.
194 taxa have been reported in Lake Michigan and 119 taxa were reported
near the -study area (2 miles North) in 1972 (GLBC, 1976; CEC, 1972).

Fish

Recreational fishing is important in the Waukegan area. Coho salmon
have been stocked to supplement the lake trout fishery. Lake run brook
trout and rainbow trout, as well as chinook salmon, have also been stocked.
Perch, walleye, bass, carp, drum and bullheads are also part of the
recreational fishery., Commercial fishing has always been an important

\\
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Table 4, Mean abundance of zooplankton with species ranked according tq
~abundance for locations in southwestern Lake Michigan near
' ‘Waukegan, [1linois, 1972 (from CEC,1972).

Lacaton 23 [daukegan)

12

Org;sisms/ %
Organism Occurrance
Total Zooplankton 87,338
Cladocera 49,190 56 .3
Copenoda 27,752 31.8
Nauplii 3,585 4.1
Calanoid copeopdites 1,777 2.0
Cyclopoid copepodites 16,998 19.5
Rotifera 10,396 11.9
Soecies
Bosmina longirostris 44,780 £1.3
Daphnia retrocurva 3,668 4,2
Trooocyclops prasinus -2,401 2.7
Cyclops Dicusdidatus thomasi 1,689 1.9
Uiaotomus spp. (total) 1,147 1.3
Ceriodaonnia spp. 408 0.5
Uilaotomus asnlandi male 367 0.4
Uaonnia gateata mendotae 165 0.2
tubosmina coregon! 120 0.1
J1aptomus minytus male 97 0.1
Utaptomys Qreqonensis male 90 0.1
Limnocal anys macrurys 51 0.1
Lenptocora kxindtii 44 0.1
turytamora affinis 41 -4
Cycloos vernalis 30 -
Jiaptomys Si1ciils male 16 -
Eoiscnura lacustris 3 -
Caydorus sonaericus 2 -




Table 4, Continued
—_ Locatian 25 (Waukegan
N Urganisms/ 3
Qraanism : m3 . Occurrence
Total Zooplankton
Cladocera . ' 18,904 34.4
Copepoda 21,574 39.2
Nauplii ‘ 5,183 . 9.4
Calanoid copepodites 5,984 10.9
Cyclopoid copepodites 7,181 13.1
Rotifera 14,517 26.4
Soecies
T Bosmina longirgstris 16,731 30.4
: Uapnnia retrocurva 1,645 2.4
‘ Draptomus spp. (total) 1,324 2.4
~ Tycloos bicuspidatus thomasi 780 1.4
' Trooocycioos prasinus 644 - 1.2
Uraptomys ashlandl male 502 0.9
Ceriocapnnia spp. 183 0.3
tudasmina coregoni 147 0.3
Utaptomys minytus male 126 0.2
Utaptomus oreqonensis male . 73 0.1
Jaonnia galeata mendotae 65 0.1
eni1scnura lacuysstris 39 0.l
Limnocalanus macrurus 34 0.1
Dapnn1a longiremis 16 -3
Utaptomus si1cilis male 19 -
turytemora affinis 13 -
Urtaonanosoma spp. 13 -
Holooeaium qihberum 10 -
Lgcation ¢/ (Waukeqan)
~ Ur9231sms/ %
Orzanism Oczur=ance
Total Zooplankton 44,736
Cladocera 12,811 28.2
Copepoda 21,416 47.9
Nauplii 3,607 8.1
Calanoid copepodites 6,030 _ 13.5
Cyclopoid copepodites 8,967 20.0
Rotifera 10,709 23.9
13




Table 4. hoamw:cma

Soecies

Bosmina longirostris
Uagnnia retrocurva

Oiaptcmus spp. (total)
Cyclops bicuspidatus thomasi
Diaptomus ashlandi male
tubosmina coreqaoni
Tropocyclops prasinus
Holopedium gibberum

Daphnia galeata mendotae

Diaptomus minutus male
Ceriodaphnia spp.
Uiapnanosoma spp.
Diaptomus oregonensis male
Uapnnia longiremis
Utaptomus sicilis male
Limnocalanus macrurus
Harpacticoids
Eoischura lacustris
Lepotodora xi1natii
Cycloos vernaiis

9,632
1,899
1,634
" 840
626
482
297
211
154
143
118
64

38
14
13
10
10
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Table 6. Number of Species of Major Invertebrate Taxa Reportad in
Lake Michigan as of 1976.
(from GL3C, 1976 and CZC, 1972)

Waukegan-
Zion Lake
area Mieniagan
Protozoa (unicellular animals) 12 20
Coelenterata (hydra and jellyfish) 1 ‘ 2
Rotatoria : - KA
Copenods . 18 15
Cladocera (water fleas) 24 29
Porifera (sponges) 1
Turbellaria (flatworms) 1 1
8ryozoa (moss animals) 2
Nematoda (roundworms) 1 1
Tubificidae (sludgeworms) 16 24
Enchytraeiae 1 1
Naididae s 12
Lumbriculidae 1 -
Polychaetra - -
Hirudinae (leeches) S 1
Sphaeriidae (fingernail clams) 7 19
Unionidae (mussels) -
Gastropada (snails) 6 3
Tardigrada (Waterbears) 1
Hydracarina (water mites) 1 1
Ostracoda (seed shrimp) 1 1
Mysigacea (opposum shrimp) 1 1
[scpoga (aquatic sowbugs) 2 -
Amphipoda (scuds) 2 2
Dezopoda (shrimp and crayfish) -
Chironomicae (midges) 15 1
Q=ner Diptara -
Neuroptera -
Hemiptera -
Plecootera (stoneflies) 1 -
Odonata (damsel flies) -
Trichoptera (caddisflies) -
Eonemeroptera (mayflies) 1
Coleoptera (beetles) 1 -
Total species 119 194
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activity in the Lake Michigan basin, althougn the catch has declined in

. dollar value over the years. Originally, lake trout, whitefish, and

! nerring were the principal catches, As these declined, yellow perch and

! chub made up a large portion of the catch. Recently, even these have been

i renlaced as dominant catch components; carp, whitefish, chubs and alewives

; now dominate the catch, with the latter only 3 marginally economic fish.

f The dominant species in the commercial catch, ranked accarding to 1971

' tandings (in pounds), are as follows: alewife (29,660,000 Ibs.), chubs
(5,7134,000 1bs.), whitefish (2,894,000 1bs.), and carp (2,464,000 1bs.).
The alewife forage base and generally good water quality have made Lake
Michigan the top producer of trout and salmon in the Great Lakes (GLBC,
1975). -

Yellow perch consistently provided a catch between 1.0 and 3.4 million
pounds in the period from 1900-1960. In 1961 the catch doubled to 5
million 1bs. and peaked at 5.8 million 1bs. in 1964, In 1968 the catch
declined to 632,000 lbs. Michigan closed its commercial fishery and popu-
lations are recovering. Alewife peaked during its nuisance period
(1965-1979) to 41.9 million 1bs. in 1967. Current alewife population has
stabilized at 25 million 1bs/yr. Smelt peaked in 1959 at 9.1 million 1bs.
and has leveled off to 1.5 million 1bs/yr. The Lake Michigan salmonid
catch is in excess of 1.7 million fish/yr (GLBC, 1975). ~

Industrial Biotest sample adult fish by trawl, gill nets and minnow
seine north of the study area in 1972 between Zion and Waukegan. This
sampling yielded 19,200 1bs consisting of 28 species with alewife and smelt
representing 86% by weight and 98% by number. Sport. fish (lake trout, chi-
nook and coho salmon, brown and rainbow trout) accounted for 6% of the
catzh by weight and 1/2% by number., Yellow perch was the 4th most abundant
fish taken and were concentratad at depths of <12 feet in the summer.

Young of the year alewife, smelt, yellow perch, white sucker and trout-
perch were collected as well as eggs and larvae of alewife and smelt indi-
cating spawning in the vicinity. The inshore area under the influence of
the Waukegan plume (power generating plant) did not attract larger numoer
of any species of fish. Table 7 lists the relative catch by numoer and
weight of the 28 species taken in this investigation (CEC, 1972).

; Table 7. Fish collected in the Waukegan-Zion sampling area, ~
June-Oecember 1972, all sampling methods.

Total Total Weight
Soecies Number % (Xa) ]
1. Alewife 231584 74,92 6636.099 76.01
2. Smelt 70700 22.87 889,510 10.19
3. Bloater 4018 1.30 368.226 4.22
4, Yellow perch 1327 0.43 151.643 1.74
§. Sculpin ‘ 383 0.11 2.937 0.03
6. Spottail shiner 330 0.11 3.992 0.0S
7. Lake trout 221 0.07 393.085 4.50
8. Fathead minnow 137 0.04 0.207 0.00
9. White sucker 93 0.03 16,960 0.19
18




Table 7, Continued

;, 10. Coho salmon . 80

0.03 93,421 1.07

11. Troutperch 73 0.02 0.710 0.01

12. S8rown trout 38 0.01 45.301 0.52

13. Chinook salmon 27 0.01 14,628 0.17

14, Carp 25 0.01 76.810 0.88

15. Ninespine stickleback 26 0.01 0.071 0.00

156. Longnose dace : 25 0.01 0.106 0.00

17. Lake whitefish* 16 0.01 19.485 0.22

18. Rainbow trout 9 0.00 12.709 0.15

19, Emerald shiner 8 0.00 0.025 0.00

20, Longnose sucker* 4 0.00 1.540 0.02

- 21, Brook sticklehack 2 0.00 0.002 0.20

22, Golden shiner 2 0.00 0.006 0.00

23, Gizzard Shad 2 0.00 1.190 0.01

24, Central Mudminnow 1 0.00 0.002 0.00

25. Largemouth Bass 1 0.00 0.020 0.00

25. White Crappie 1 0.00 0.085% 0.00

[ 27. Burbot 1 0.00 0.850 0.01

- 28. Herring 1 0.00 © 0.500 0.01
~ 8727.221 Kg.

19199.886 1bs.

* State inreatened Species

AQUATIC RESOURCES
SUMMARY

A1l of the aforementioned data was eitner lakewide or between Zion and
Waukegan Generating Station (2 miles North of the study area), No aquatic
data is known to exist from the proposed COF site 9 near the mouth of the
Waukegan River or from the harbor where the dredging would occur. Nor is
there any known biological data from the Waukegan River inland from the
study area, The only other investigations are PCB fish tissue analysis of
15 samples of Waukegan harbor fish and a 30 day exposure of caged
(uncontaminatad) fisn (bluegills and yellow perch) into Slip #3 (Superfund
site candidata contaminated with PCB's), The fish tissue analyses resulted
in an average PC3 concentration of 18 pom with all samples exceeding the S
pom FDA guideline and all but one exceeded the 2 ppm, the new proposed
guideline., The second study resulted in 20 ppm PCB levels in bluegills and
12 pom in. yellow perch, After 84 days in cleaner water these levels did
noet drop below 8 ppm (USEPA, 1981).

R

TERRESTRIAL RESQURCES

A wide variety of bird species use the Lake Michigan shoreline habitat
i in the Chicago region (Table 8). Many species migrate through the region
: and rest and forage on such habitat on a seasonal basis. A preliminary

i site inspection of the area on 22 April, 1986 revealed fairly heavy use of
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Tadble 8
8 The Birds of the Chicago Region
Lake Michigan Shoreline

'
.

Horned Grebe

Pied-billed Grebe

fared Grebe

Great Blye Heron :
Black-crowned Night Heron *
Oouble-crested Comorant®
Commaon Loon ’
Common Goldeneye

Ruddy Ouck’

Lesser Scaup

Greater Scaup

Common Merganser
Red-breasted Merganser
Canadian Goose

Mallard

Black Duck

Bufflenead

Semipalmatéd Plover
Xilldeer

American Galden Plover
Black-bellied Plover
Piping Plover **

Ruddy Turnstone

Common Snipe

Spotted Sandpiper
Solitary Sandpiper
Greatar Yellowlegs
Lasser Yellowlegs
Pectoral Sandpiper
3aird's Sanapiper

Least Sandpiper

Dunlin

Short-billed Dowitcher
Semipalmazad Sandpiper
Sanderling

Sonoparte's Bull

rerring Gull

Ring-dilled Gul
Forster's Tern *

* State Endangered Species.
** feceral Endangered Species,

Common Tern =

Black Tern »

Caspian Tern

Mourning Dove

Chimney Swift

Belted Kingfisher
Horned Lark -
Tree Swallow

Bank Swallow
Rough-winged Swallow
Barn Swallow

Purple Martin

Common Crow

Long-billed Marsh Wren
Short-billed Marsh Wren
Catdird

Starling

" Myrtle Warbler

Black-throated Green Warbler
Yellow-rumped Marbler
Palm Warbler
Yellowthroat

House Sparrow
Redwinged Blackbird
Brown-headed Cowbird
Common Grackle
Cardinal

Snow Bunting

Indigo Bunting
American Goldfinch
Slate-colored Junca
White-crowned Sparrow
White-throated Sparrow
Song Sparrow

Amercian Kestrel
Peregrine Falcon*
Marsh Hawk*

Golden Eagle

Bald Eagler*




tne harber and prcposes COF site By herring qulls (Largs apserzazus’,
ring-pilled gulls (L. delawarensis), and bonaparte gulls (L, pnilacelonra),
Many common mergansers (Mergus merganser), scaup (Aythya sgo.7, mailarc
ducks (Anas platyrhynchos), and common songhbirds were alsg observed. No
mammals or mammal sign was observed, The shore edge habitat at the CJF
site consisted of concrete and stone fill material virtually devoid of
vegetation,

Maore detailed site inspections will be needed to detarmine ftotal
wildlife use of the project area over the course of a year's time. Such a
study will be accompliished in later planning stages. However, the overall
hapitat diversity and value to wildlife is fairly low.

Threatened and Endangered Species

The only Federally listed species possibly occurring in the project
area as a breeding species are the Indiana bat (Myotis sodalis) and tne
piping plover (Charadrius melodus). The Indiana bat winters in caves in
the south eastern U.S. and uses riparian forested habitat throughout its
range for rearing its young. Neither of these habitat types occur in the
harhor or COF site and the bat has never been reported in Lake County
(Natural Land [nstitute, 1981).

The piping plover, however, has historically nested in undisturbed,
sandy, shoreline beach areas of Lake Michigan within two miles of Waukegan
(Nelson, 1876) and nested at Illinois Beach State Park north of Waukegan as
recently as 1975 (Natural Land Institute, 1981). However, this type of
sandy, undisturbed habitat is no longer present at Waukegan Harbor or the
proposed COF site. In addition, the [1linots Department of Conservation
now considers the piping plover to be extinct as a breeding species from
the state of [1linois though it still may occur as a rare summer migrant in
the Waukegan area.

In addition, the Federa11§ endangered peregrine falcon (Falco
perearinus) has been observed foraging in Waukegan Harbor during a recent

Corps' site inspection and a hald eagle was observed at I[1linois Beacn

Stata Park in 1971 (Bohler, 1978). They were believed to be migrating
through the area as suitable breeding hahitat does not exist near Waukegan
and these species have never been reported breeding in northeastern
I1linois (Natural Land Institute 1981),

Stata endangered species which may use Lake Michigan shoreline hapitat
for resting and foraging, especially during migration, include double-
crested cormorants (phalacrocorax auritus), black-crowned night herons
(Nvcticorax nycticorax), rorster’'s taern (Sterna forsteri), common terns
(. Rirundo), plack terns (Chlidonias niger), and marsn hawks (Circus
c7aneus). Of these only common terns nest on beaches and sandbars along

tne Lake Michigan shoreline. The other species commonly nest in more

inland marshes and lake edges (Natural Lake Institute, 1981). Between
1934-1936 a colony of common terns existed at Waukegan (Ford, 1956).
Though the existing filled shoreline habitat around the Waukegan area may
still provide some suitable nesting substrate, the area is also highly
disturbed by human activities. The last reported nesting of common terns
in Lake County occurred in the 1960's at Powerhorn Marsh (Bohlen, 1978).
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Two state threatened fish have also been found near Waukegan. They
are the lake whitefish (Coregonus clupeaformis) and the longnose sucker
(Castomus castomus). Botn species were callected between Wavkegan and
Zion, [11ingis 1n 1972 (Commonwealth Edison Company 1972). Lake whitefish
occupy deep water areas excedt during early spring when tiaey move into

shoals and spawn in shallow waters during the fall (Scott and Crossman
1973).

Longnose suckers have more recently been reported at Waukegan in 1976
and at the Great Lakes Naval Tra1n1ng Station in 1975 (Natural Land
Institute 1981). This sucker lives in deep, cold, clear waters. In Ohio
the species has been reported entering water less than 7.5 meters deop in
the spring, presumably to spawn (Trautman 1957),

ARCHAEOLOGICAL AND HISTORIC RESQURCES

The lakebed at site 9 is not part of Waukegan Harbor; it may or may not
have been disturbed by dredging and construction. If the site contains
submerged archaeological properties (historic wrecks), their number,
nature, and significance is unknown. The adjacent shoreline at site 9 is
landfill., The area to be dredged has been disturbed by periodic dredging,
last done in 1969; it does not contain any significant cultural material. ~

SOCIAL SETTING

The immediate area is generally vacant industrial space, with some
railroad tracks and yards still in use. The {immediate urban area is somewhat
depressed. The major portion of waterborne commerce in Waukegan Harbor is
snipping of building cement and gypsum received by Gold Bond Building
Products and Huron Cement Company which are both divisions of National
Gypsum Company. In 1982, 114,000 tons of building cement were received and
in 1981, 130,000 tons of building cement and 81,000 tons of gypsum were
recaived, A commercial fishing fleet of eight active boats also operates
out of the harbor, Thirty-six tons of fresh fish were unloaded at the har-
bor in 1982 and twenty-five tons were unloaded in 198l. The Port of
waukegan is also homesite to a number of small and large scale industries,
including OMC Jonnson and Outboard Marine Corporation, together employing
over 2,000 persons. OQther industries include Falcon Marine and a marine -
cantractor.

Another key use of the Port of Waukegan is recreational boating.
Currently, the Waukegan Port District operates 158 slips and moorings as
well as 103 dry dock spaces. Qirectly to the north of Slip 3, Larson
Marine Seryice houses approximately 300 small pleasure craft for storage
and repair, Since the mid 70's the Waukegan area has been recognized as
one of the major co-ho and salmon fishing areas on Lake Michigan. The
recreational use of the Waukegan Harbor has grown significantly over the
past twenty years and has served as the stimulus for the construction of
new harbor facilities to the south of Waukegan Harbor which were completad
in 1985. The new facility includes 761 new slips for small pleasure craft.
This expansion will also increase the number of charter fishing boats from
35 in 1983 to a projected 60 charter boats operating out of the Waukegan
area in 1987,
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SECTION 4

ENVIRONMENTAL CONSEQUENCES N

GENERAL IMPACTS

Construction and operation of a CDF at site 9 would not have a significant
adverse impact upon community cohesion or growth, tax revenues, public
sarvices or facilities, air quality, or noise levels; no people or farms would
be displaced. '

PHYSICAL AND GROUNDWATER IMPACTS

Negative impacts upon groundwater resources are not expected t3 result
from implementation of the proposed plan,

AIR QUALITY IMPACTS

No significant violations of air quality standards are expected to occur
as a result of the construction of the proposed COF or the operation of the
mechanical dredge during the dredging season.

SEDIMENT QUALITY IMPACTS

Up to 187,500 cubic yards of "heavily polluted" sediments will be dredged
from the Federal channel and harbor areas and placed in the COF, Another
75,000 cubic yards of clean, sandy sediments will be dredged and disposed of
by otner means. Such dredging will significantly improve the overall channel
sediment quality as the underlying layers to be exposed by dredging are not
contaminatad. However, the northernmost portions of the harbor will not be
dredged at the same time; these sadiments contain high levels of contaminants
including PCB's between SO and over SO0 ppm (classified as "toxic"™ by U.S.
EPA), and the potential exists for movement of these more highly polluted
sediments inta the Federal channel by wave and boat action.

4ATER QUALITY IMPACTS

Dredging the harbor will have several impacts to hardbor water quality.
The dredge itself will cause an increase in turdidity in nearby waters.
Increased turbidity is considered short-term, unlikely to produce irreversible
effects, and more of an aesthetic rather than biological problem (Hirsch et
al., 1978, Stern and Stickle 1978). These resuspended sediments will have an
Tncreased potential for releasing PCB's and other contaminants from sediment
particles into the water column, thus, increasing biocavailability of con-
taminants and releasing oxygen demanding constituents which lowers dissolved
oxygen levels. These impacts are considered relatively short-term and will
last only during the dredging season. Since dredging will ultimately remove
heavily-polluted sediments from the aquatic environment the overall, long-term
water quality will improve.

23




A

B E

Construction and filling of the -proposed COF will alsg iacrease turdidi- Y
and contaminant release as discussed under dredging. These impacts are con-
sidered short-term. Water quality projections for the COF filtrate is
currently not available. This information will be included in future envirgn-
mental reports. However, virtually all (99.999999%) suspended solids will pe
removed from escaping water by the sand filter in the dike wall., Therefore,
the only contaminants that may enter Lake Michigan are those that are highly
water soluable.

AQUATIC COMMUNITY IMPACTS
No Action Alternative

Under the no action alternative, aquatic populations in Waukegan
Harbor will continue to be influenced by existing and future sediment
accumulations. Tissue samples of fish (USEPA, 1981) have shown high
accumulation of PCB's (averaging 18 ppm in Waukegan Harbor). Continued
exposure by fish and other organisms moving into and out of contaminated
and toxic (Slip #3, Superfund) sadiments will likely increase the export of
PC3's and other pollutants into the Lake Michigan food chain.

Contaminant pathways into Waukegan Harbor-Lake Michigan fishes could
be through direct absorbtion from the water column, from contact with
sediments either in place or resuspended, and through the food chain. The
predominant pathway of contaminants to aquatic organisms is through direct
partitioning (diffusion) of a contaminant to fish gill tissue (Rubinstein
et al, 1984). This direct mode of contaminant concentration results from
contact with sediments and from contaminants in the uater column.

The diffusion (equilibrium partitioning) of sediment constituents
between sediments, sediment interstitial waters and the water column provi-
des a steady state (at equilibrium) release of sediment contaminants to the
overlying water column, Contaminants can also be released to the water
column during physical disruption and resuspension of bottom sediments.
Contaminant release may influence water quality and make contaminants
available to aquatic organisms, Studies have shown that fish may directly
apsor> contaminants from the water column and concentrate them in tissues
(Holden, 1962; Xudo and Mortimer 1978, Roesijadi et al., 1978; Bjerk and
8verik, 1980; Rubinstein et al., 1984) Of ‘the contaminant pathways to
aquatic organisms, direct partitioning across the gills is generally con-
sidered dominant (Ruhinstein et al., 1984),

Bioconcantration of contaminants by aquatic organisms in direct con-
tact with the sediments has been reported by Halter and Jonnson (1977),
Kudo and Mortimerr (1978), McLeese et al., (1980), Peddicord (1980),
Varanasi and Gmur (1981), Rubinstein et al., (1984), and Seelye and Mac
(1984), Contaminant uptake by aquatic organisms living in or upon the
sadiments has also been reported to be much greater than by organisms in
the water column (Halter and Johnson, 1977; Kudo and Mortimer, 1978).

Contaminated sediments resuspended in the water column have the sane
effect on organisms in the water colums as those in close association with
bottom sediments, Resuspended sediments may be ingested or may collect on




andzngered birds and may possibly be usad for spawning by the lake whitefisn
(znougn there is presently no data to support this). This losy ofy habitat
would be permanent, but considered insignificant in comparison to the amount
of similar habitat found througnhout the Lake Michigan shoreline. The removal
of PC8's and other contaminants from the aquatic environment by placing in a
ZOF would be considered a long-term benefit to all shoreline fish and
wildlife, including endangered species, and would outweigh any short-term
impacts. :

The U.S. Fish and Wildlife Service and the I111nois Department of
Conservation have been contacted concerning possible impacts to Federal and
state threatened and endangered species. Their comments concerning threatened
and endangered species will be incorporated in future planning reports.

ARCHAEQLOGICAL AND HISTORIC IMPACTS

Maintenance dredging will be done in areas already disturbed by periodic
dredging; no archaeological or historic properties will be affected. The
{11ingis SHPO has been consulted, and {s expected ta concur with this
determination,

The lakebed at site 9 is not part of Waukegan Harbor, and may and or may
not have been disturbed by dredging or construction. It {s not known whether
site 9 contains any significant archaeological properties (such as historic
snipwrecks). An underwater survey will be conducted at a later planning stage
%3 determine whether such properties exist, and to assess impacts to them.

The [11inois Historic Preservation Agency (SHPO) has been asked to comment on
this matter,

SCCIAL IMPACTS

Oredging and COF construction would cause tempofary, localized
increasas in noise, odor, dust, and truck traffic levels during dredging
and construction,

Construction of a COF at site 9 would affect the future use and
aevelopment of the adjacent lakefront. Local land use or master plans should
be carefully considered in future planning.

[f the harbor was not dredged the current level of ship traffic would be
2xpected o continue. However, shoaling near the mouth of the Federal channe!
could restrict commercial traffic and allow only smaller ships or ships
carrying less cargo to enter the hardor. This would increase shipping costs
and possidly cause area industries to rely more on shipping by truck or rail.
Several harzor industries rely heavily on shipping by water., Loss of this
method of transportation could result in lost business apportunities, more
unemployment, and further economic depression in the Waukegan area. If the
harsor and channel are dredged and maintained, area industries would be
assured of an effecient means of transporting their products and area
employment could potentially increase.
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COORDINATION

The [111nois Department of Conservation (Endangersd Speci i
Board), I1linois Historic Preservation Agency (SHPS), ande.stFE;:t::51on

Wildlife Service were consulted during the preparation of this preliminary

assessment.
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Ciicago, Illinois.

Eivirmrental Manitoring in Lake Michigan near
Zicn and Waukegan Generating Statiams January

1972 through December 1972 Volume II.




Zion

North Control Tronsect ' A
N

/ L AKE

M ! CH I GAN

\ A 4
s R T
g’e;g:r:qu ‘.' {: [\ ‘\9\ North Zion Transec:
. ‘/ \ l \1 \'. < 2 T

\ lﬂz' / LY outh Zicn Tronsect

J \ '\ (\ SCALE:  STATUTE MILES

| 1\ (F_—.E.z:—_.z

)
‘l /’ /} } NAUTICAL MILES
S —
I 7/ / o ! 2
] -
[I // / // Area Locstion Mco
I/ -

! 20}* 7 zzfl&cd River Controt
} ] / \ Trensect ~
| I |

I )

!/ /

Iy {

Iy

[N ; _ ‘
1 27IWOukeg=n irensect om.

V) ; .

! | / WAURSS AN,

30 40 & 3

Field sampling locations {cr phytoplankton, southwestern
Lake Michigan near Zion anéd Waukegan, llinoeis,
January - December 1972,

=3




P P

b vn s w

- — e o a .

- e

) List of phytoplankton taxa encountered in southwestera Lake

. Michigan near Zion and Waukegan, Illinois, 1972, 1= 5% ¢f

phytoplankton by reporting units (u) and/or by biovolume (%,
D = important in 30% of all samples.

BACILLARIOPHYTA (Diatoms)
Achnanthes Bory
ciever Grunow
clevel var, rostrata Hustedt

lanceoclata Breo.
lanceolata var. dubia Grunow
lanceoclata var. ros:irata Hustect
Iu minutissima Kusz.
peragaili var., parvula (Patr.) Reim.
unicentified sp.
Amzhinleura pellucida Kutsz.
Amohora Zhrenberg
cofieaeformis Agardh
delicatissima Krasske
ovalis Kutz,
ovalis var., pediculus Kut:z.
perousilla Grunow
unidentiiied sp. .
Du,lb  Astericnella formosa Hassall
Astheva zacharsiasi J. Bruz.
Caloneis Cleve
bacillum (Grun.) Mereschkowsky
unidentified sp.
Cocconeis Ehrenberg
diminuta Pan:.
disculus Schum.
pecdiculus Ehrenberg
placentula Ehrenburg
placentula var. euglvota (Ehrs.)
Ib placentula var. linea:za (Ehr.) Cleve
unidentified sp.
Coscinodiscus unidentified sp. Ehrenberg
Cveliotella Kutz. :
anticua W. Smith
atormus Hustedt
bodanica Eulenst.
comta (Ehr.) Kutz.
Iu glomerata Bachmann
kutzingiana Thwaites
kutzingiana var. planetonhora Fricke
meneghiniana Kutz.
menechiniana var. plana Fricke
michiganiana Skvor:izow

=
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Iu Ib ‘ ocellata Pant,
pseudostelligera Hustedt
I stelligera Cl. u. Grun.
Iu unidentified sp,
unidentified sp. |
Cvmatovpleura :
Ib solea (Breb.) W, Smith
solea var. apiculata (W, Smith) Ralfs
Cymbella Agardh
microcenhala Grunow
prostrata (Berkeley) Cleve
sinuata Gregory .
turgida (Gregory) Cleve ' ' ‘
ventricosa Kutsz. |
uznidentified sp. ‘ : l
Diatoma DeCandolle ‘ . |
elongatum var, minor GCrunow l
Iu,b tenue Agardh '
tenue var. elongatum Lyngbye l
~vulgare Bory 3
unidentified sp. ;
Dicloneis Ehrenberg .
puella (Schumann) Cleve : _ i
l

srmithii (Breb.) Cleve
unidenzified sp.
Evithermia unidentiiied sp. Brebissonm
Fragilazia . Lyngbye
Iu caducina Desrmazieres
cazuciza var. mesolenta (Rabh.) Grun
constrTuens (Ehr.) Grunow
Du,b grotonensis Kitton
Iu,b intermedia Grunow
leotostauron . (Exhr. ) Busted:
Iu pinnata Ehrenberg
pinnata var. lancertula (Schumaan) Eusted:
vaucheriae (Ku:z.) Peters
unicdentilied sp. A :
unidentified sp. 2
Frastulia vulgaris Thwaites
Gomvohonerma Agardh
angustaturn (Kutz. ) Rabh, .
olivaceum (Lyngb.) Kutz. _ i
olivaceum var. minutissima Hustedt
parvulum Kutz. . ) ' |
unidentified sp. ' '

Gvrosigma Hassall
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Iu.b
Iu
Iu

scalaroides (Rabh.) Cleve
soencerii var, nodifera Grunow
unidentified sp.

Hantzschia amvhioxvs [(Exkr. ) Grunow

Melosira Agardh

M

ambigua (Grun.) O. Muller
distans (EZhr.) Kutz.
granulata (Ehr.) Ralis
granulata var, angusiissima Muller
islandica ©, Muller
italica (Zhr.) Kutz.
" unicentified sp.
ridicn ciculare Agarch

Navicula Bory

ancglica Ralls

bacillum Ehrenberg

casitata XZhrenberg

cavitata var, hungarica (Grun.) Ross
cari Znhrenberg

cosm=lata Grunow

crvotoceshala Kutz.

crvotoceshnala var., veneta {Kutz.) Grunow

decussis Ostr,
exigua (Greg.) O. Mullexr
astrum (Zkr.) Kutz,
racilis ZEhrenberg
rega:ia Donkin
hambergii Hustedt
hungarica Grunow
kungarica var. lineari Oestrup
longirostris Husted:
menisculus Schum.
minima manow
placenr:la (Zhr.) Grunow
platvsiocma Ehrenberg

pusula Kutz.

L

pusula var. rectangularis (Greg.) Grunow

salinarum Grunow

salirarum var. intermedia (Grun.) Cleve
unicentified sp.

unidentified sp. 2

Neidium Plitzer

dubium (Zhr.) Cleve
dubium fo. constrictum RHustedt

unidentified sp. )
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Iu acicularis W, Smith '
amohibia Grunow o 2
angustata (W, Smitk) Grunow : '
apiculata (Greg.) Grunow :
dissgsivata (Kutz.) CGrunow
forticola Grunow
fastulum  Kutz,
holsatica Hustedt
linearis W, Smith
palea (Kutz) W. Smith
Iu paleacea Grunow
’ sigrma  (Kutz.) W, Smith
trvolionella Hantzsch
Iu,b uridentified ap. ' |
unidexntified sp. 2
Onenhora martvi Heribaud
Pianularia unidentified sp. Ehrenberg
I Pleurosigrma unidentiflied sp. W. Smith
Du, b Rhizosolenia eriensis -H., L. Smith _ M~
Rhoicosphenia curvata (Kutz.) Grunow '
Rhovalodia unidentiiied sp. O. Muller
Stauroneis unidentfied sp. Ehrenberg
Steonanociscus Ehrenberg

.
Z
o
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Iu, b alsinus FHustedt ex Huber-Pestalozzi
Iu, b astraea (Ehr.) Grunow
astraea var. minutula (Kutz.) Grunow
Du, I= binderanus (Kutz.) Krieger |

hantzschii Gruncw ;

Du hantzschii vel tenuis Grun, -Hust. -Skabx:schewsky
invisitatus Hchn and Hellerman
Iu rmizures Grunow ex Cleve and Moll,
Ib niagarae Ehr enbe:g
tenuis Hustedt
hy-) transilvanicus Paat. 7,’
Du,b . nidentiiied sp. A i
Du nidentiiied sp. 2 : *
unidentified sp. 3 - astraea |
Surirella Turpin '
angusta Kutz, )
ovalis B'e:uuon '
ovata Kutzs. ‘ i
§o-) unidentified sp.

Svnedra Ehrenberg I
acus Kutz. .
delicatissima W, Smith
delicatissima var, angustissima Grunow

=
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Iun

Du,b

filiformsi Grunow

parasitica W. Smith

radians Kutz.

rumvens Kutz. .o
ulna (Nitzsch) Zhrenberg

ulna var, chaseana Thomas

ulna var, danica (Kutz.) Grunow

ulna var. longissima (W. Smith) Brun

ulna var, subaecualis Grunow
unidentified sp.
Tabellaria
fenestrata var. geniculata Cleve
flocculosa (Reth) Kusz.
Trovidoneis unidentified sp. Cleve
Unicentifiead centrics
Unidentified pennates

CHLOROF=EYTA (Green Algae)

Iu,b
Ib

Ankistrodesrius

falcatus (Corca) Ralfs

falcatus var, mirabilis (West and West) G. §. Wes:

fraces (West and West) Brunnthaler

soiralis (Turner) Lemmermann
Arihrodesrnus unidentified sp. Zhrenberg
Characium hookeri (Reinsch) Hansgir
Chlamvdomonas unicdentified sp. Ehrenberg

hlorcgonium elongatum Dangeard
Clesteriopsis :
longissima Lemmermann
longissima var. trovica West and West

Closterium unicentified sp. Nitzsch
Coelastrum

cambricum Archer

microoorum Naegeli

reticulatum (Dang.) Se=mn

svhaericum Naegeli
Cosmarium Corda

deoressum (Naegeli) Lundell

unidentified sp.
Crucigenia

aviculata (Lernm.) Schmidle
rregularis Wille

guadrata - Morren

rectangularis (A. Braun) Gay
Dictvosphaerium »ulchellum Wood

[O%
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i Flakatothrix
i gelatinosa Wille .
viridis (Scow) Printz . o
Franceia cvalis (France) Lemmermann
Germinella minor (Naeg.) Heering ’
GCiloesactinium limneticum G. M. Smith
Glceocystis
by amola (Kutz.) Lagerbeim
vianc:onica (West and West) Lemmermarnn
Golenkinia radiata (Ched.) Wille ' . :
Gonium pectorale Muller - ’ !
A Kirchneriella :
i gontor:a (Schmidle) Bohlin .
{ ' - lunaris (Kirch.) Moebius .
lunarsis var, dianae Bohlin
i Ib cbesa (W. West) Schmidle !
Lagerheimia '

ciliata (Lag.) Chodat
cit>iformis (Snow) G. M. Smith
Micractinium pusillum Fresenius -~
Mcugeoria (C. A. Agardh) Wittroek : '
b gracilima (Hass.) Wittzock )
unidentified sp. -
Neshrocvtium
agardhianum Naegeli
imneticum G, M. Smith

Cocvstis
Ib borgei Snow
crassa Wittrock in Wittrock and Nordsted:
b3 giceocvstiformis Borge
Db lacussris Chodat
garx West and West
Iu,b tusilla EHanasgirg

sclitazri Wittrock in Wittrock and Nordstedt
submarina Lagerieim
Pandcrina moram  (Mull.) Bory

as
borvanum (Turp.) Meneghini

duslex Meyen .
duslex var, clathratum (A. Brauz) Lagesheim
duziex var, conaerens Bohlin

duslex var, rotuncatum Lucks

simolex (Meyen) Lemmermann

simvlex var, duodenariumr (Bailey) Rabenhorst
terras (EZhr.) Ralls

latvmonas unidentified sp. G. S. West

lectonema notatum Schmidle

‘yljul'd

clvsleoharides unidentiflied sp. Dangeard
-




Quadrigula . :

. , ' chodatii (Tan.-Ful.) G, M. Smith
closterioides (Bohlin) Prictz
lacustsi (Chod. ) G. M. Smith

Radiofilum irregulare (Wille) Brua=thaler

Scenedesmus
abundans (Kirck.) Chodat
acuminatus (Lagerheim) Chodat
arcuatus Lemmermann '
arcua*us var. vlatvéisca G. M, Smith

_armates (Chodat) G, M, Smith
.biiuga var, alternans (Reinsch) Eazsgirg
biiuga var, flexuosus (Lemm. ) Celling
rasiliensis Bohlina
carinatts (Lemm.) Chodat
denticulatus Lagerkheim
dimorohus (Turp.) Kuetzing
intermedius Chodat
lengisoina Chodat
longus Meyen
longus var. naegelii (Breb.) G. M. Smith
oblicuus (Tucp.) Kuetziz '
oooliensis P, Richter

" guadricauda (Turp.) Brebisson

cuacdricauda var. maxirmus West and West

! guadricauda var., westii G. M. Stk

Schizochlamvs
.omvacta Prescott
gelatinosa A. Braun in Kuetzing
Schroederia ’
ancora G. M. Smith
setigera (Schroed.) Lemmermarnn

Selenastrum gracil Reinsch

"Svohaerocvstis schiroeteri Chodat

Svondvlosium Brebisscn

lanum (Wolle) W. and G. S. West
unidentified sp.

Staurastzum Meyen

curvatum W. West
unidentified sp.

Stichococcus unidentified sp. Naegeli

Stigeoclonium unidentified sp. Kuetzing

Tetraedron Kuetzing
caudatum (Corda) Hansgirg
minimum (A. Braun) Hansgirg
muticum (A. Braun) Hansgirg

o
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| requlare Kuetzirg

) regulare var. incus Teiling . - :
‘ unideatified sp. ' .ot
Tetrasvora . .
; Ib gelatinosa (Vauch.) Desvaux
| lacustris Lemmermann
I Ib lamellosa Prescot:

Tetrastrurn staurogeniaeforme (Schroed.) Lemmermann
Trochiscia reticularia (Reinsch) Hansgirg
Ulothrix unidentified sp. Kuetzing

CHRYSOPHYTA (Golden-Brown Algae)
Aulomonas sp. Lackey
Chrvsosohaerella longisrina " Lauterbora
ladomonas Stein ’
Iu, b fruticulosa Stein
unidertified sp.
Codonosiga unidentified sp. Senn
Diceras phaseclus Fott

In - Dichotomococcus lunaty Fott -~
inobrvon Ehrenberg '
bavaricum Immhof
Iu cvelindricum Lmhof ex Ahlstrom -
! Iu, Db diverzens Imhof
' pediforme (Lernm.) Steinecke
Iu,b sociale Ehrenberg
unicdentified sp. 1
Har=ochverium unidentified sp. Lagerheim
Mallemonas
| acarcides Pert:
caudata [wanoff
l produc:a  (Zacharias) Iwanoif
pseudocaronata Prescot:
! tonsurata Teiling _
Ia Mcnosiza unidentified sp. S. Kent
Crehigertium

canitatum Wolle

{ capitatum var, longiszinum (Moebius) Lermmermann
:  Percniella ’
{ hvalothecae Gobi
i ‘ plancionica G, M. Smith

Rhizochrvsis limnetica G. M. Smith
! Stioitococcus West and West-
[

apiculatus Prescot
urceolatus West and West ' : ‘
unidentified sp. )

Iu, b Uroglenopseis americara (Calkins) Lemmermann

.




CYANOPHYTA (Blue-Green Algae)
Anataena Bory
. circinalis Rabenhorst
flos-actvae (Lyngb.) Brebisson
unidentified sp.
Ib Avhanizomenon flos-acuae (L.) Rals
Aohanocapsa Naegeli
elachista W, and G. Smith
tzidentified sp.

Avhanothece
I5 ‘ castagnei Brekisson
. ‘clathrata_ GC. S, West in West and West
Iv nidulans P, Richter
Chroococcus

limneticus Lemmersmann
pallidus Naegeli

Iu presco:tii Drouvet and Daily in Drouet
turgzicus (Kuetzing) Naegeli
| Coelasphaerium '
i kuetzingianumh ' Naegeli
\ Du caegelianum Unger
‘

Cloeocacsa aerugincsa (Carm.) Kuetzing
Gomyohosphaeria

Iu lacustris Chodat
Iu lacustris var, comoacta Lemmermann
I, b Lvngbva unidentified sp. Agarch
Merismooedia
Iu cnnvoluta Brebisson in Kuetzing

giauca  (Ehr.) Naegeli
punc:ata Meyen
Microcvstis
aeruginosa Kuetzing emend. Eleakin
incerta Lemmermann
Oscillatoria Vaucher
amoena (Kuetz.) Gomont

Iu,® gemirata Meneghini
Ib limnetica Lermomermann
Iu,b tenuis Agardh

unidentified sp.
Stichosiphon unidentified sp. Geitler

Iu Unidentified blue-green filaments
EUGLENOPHYTA
Fuglena

polvmoroha Dangeard
proxima Dangeard
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Lecocinclis
+ acuta  Prescott in Prescott, Silva, and Wade
cvum (Ehr.) Lemmermann ‘
Tracheicmonas Ehrenberg
crezea (Kellicott) Deilandre
un:centified sp.

A

Lhia

FYRRHECPHYTA
Ib Ceratium hirundinella (O. F. Muell.) Dujardin
Ciencdiniuzm  uni:dentfied sp. (Ehr.) Stein

Per:cinium unidentified sp. Ehrenberg

MISCZLILANEOUS )
Rhodcrmonas unidentified sp.  Karsten
Unicent:fied flagellate 1
Unidentified flagellate 2
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P . List of zooplarkton encountered in southwestern Lake Michigan
near Zion and Waukegan, Illineis 1972.

Rotifera
Crustacea
Ccpepoda

nauplii
calanoid copepodites
cyclopoid copepodites
harpacticoid copepodites :
Cvclozs bicust:datus thomasi S. A. Forbes
C. vernalis Fischer
Diastomus spp. (female)

D. asnhiandi (male) Marsh

D. minutus (male) Lilljeborg

D. oregonexnsis (male) Lilljeborg
D. sicilis (male) S. A. Forbes
Eopischura lacustris S. A. Forbes
Eucvelozs ag:iis (Koch)
Eurviemora aiiinis (Poppe) .

- Limnocalanus macrure Sars
Mesocvclops ecax (S. A. Ferbes)
Orthocvelozs modestus (Herrick)
Paracvcisos fimbriatus poooei (Rehberg)
Trecocveloss prasianus (Fischer)
harpacucoica -

Cladocera
Alorna spp. Baird
A. guadrangularis (0. F. Muller)
Bosmina longirostris (0. F. Muller)
Ceriocachnia spp. Dana
C. lacusiris Birge
C. cuacgrangula (O. F. Muller)
hvcdorus sohaericus (O. F. Muller)
Daonnia spp. O.F.M.
D. galeata mencotae Birge
D. longiremis Sars : '
D. parvula Fordyce
D. retrocurva Forbes
Diaphanosoma spp. Fischer
D. leuchtenbergianum Fischer
Eubosmina coregoni (Baird)
Eurycercus lamellatus (0. F. Muller)
Holooedium gibberum Zaddach
Leotodora kindtii (Focke)
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Levdizia spp. Kur:z
L. guadrangularis (Leydig)
Macrothrix spp. Baird
M. hirsuticornis Norman and Brady
M. laticorni (Jurire®
Polvohemus pe< ‘nne)
Amphipeda
: Portonoreia afl ‘rom
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Ecnﬂ:'-jsampling locations in southwesteran Lake Michigan,

near Zion and Waukegan, lllinois, January through
December 1972.
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List of benthic organisms encountered in southwesta=n
Lake Michigan near Zion and Waukegan [llinois, 1972.
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Aschelminthes

, Nematoda .
1
i Canidaria
; Eydrazsa
: Eydroida
: Hydridae
_ ’ Hvdra
! Platyhelminthes
X Turbellaria
Rhabdocoela
Annelida .
Cligochaeta , ~
Plesiopora . '
Enchytraeidae ' -
Naididae
Nais Muller
Figuetiella michiganensis Hiltunen
) Srvilaria lacus:ris (Linnaeus)
Uncinais uncirata (Orstedt)
Veicovskve::a intermedia (RBretscher)
Tuhificicae
Unidentifed imrmature tubificidae with capilliform chaetae
Unicdentified immarnure tubificidae without capilliform chaetae
Aulodrilus americanus Brinkhurst & Cook
Aulocdrilus piurisera (Piguet)
[lvodrilus temoietonti (Southern!
Limnocrilus angustinenis Brinkhurst & Cook ~
Limnodrilus cervix Brinkhurst
immnocdrilus clacaredianus Ratzel
Limnocdriius hoiimeister: Claparede
Limnocrilus hofimeisteri variant Claparede
Limnocrilus grofundicala (Verril)
) Lirmmncdrilus soiralis Eisen
Limnocdrilus udexemianus Claparede
Peloscolex frevi Brinkhurst
Peloscolex multisetosus longidentus Brinkhurst & Cook
FPeioscolex rmultisetosus multisetosus (Smith)
Potomothrix moicaviensis ‘Vejdovsky & Mrazek
: Potomothrix veidovskvi (Hrabe)
ammm—
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N rubifex ignotus Stolc
Tubifex tubifex Muller

Prosopora
Lumbriculidae
Stvlodrilus heringianus Claparede

Hirudinea
Rhynchobdellida
Glossiphoniicdae
Clossiphonia compolarnata (Linnaeus)
Helobdella stagnalis (Linnaeus)
Piscicolidae
Pisicola geometra Linnaeus
Arhynchobdellica
Erpobdellidae
Dina microstama Moore

sa

Dina parva Moore
A ——————

Mysicacea
" Mysidae
Mvsis relicta Loven

[sopoda

Asellidae
Asellus brevicaudus Forbes

Asellus intermedius Forbes

Amphipoda
Talitridae
Hvalella azteca (Saussure)
Haustoriicae
Pontovoreia afiinis Lindstrom

Arachnica

Acarina

Hydracarina

Insecta .

Hemiptera

Trichoptera

Hydropsychidae
Hvdropsvche Pictet

Coleoptera

Elmicdae
Dubiranhia Sanderson




Diptera
Chironomidae ' e . ‘

Chironomus attenuatus Walker '
Cladotanvtarsus Kieffer
Crvotochironomus Kieffer
Crvoroclacozelma Len=z
Heterotrissocladius Sparck
Micropsecira Kieffer
Monodiamesa tuberculata spec. nov. Saether
Parachironomus Lenz
Faracladooelma Earaisch
FParakieiferiella Thienemann
Polyzedilum (Fallax group) Kieffer
Potthastia (Kieffer)
Proclacius bellus Loew
Tanvtarsus Van der Wulp
Thienemannimyia Group Fitkau

Mallusca
Gastropoda
Ctezobranchiata .
Amnicolidae
Somatogvrus Gill
Valvatidae .
Valvata nperdenressa Walker
Valvata sincera Say
Valvata sincera nvlanderi Dall
Valvata tricarinata simolex Gould
Pulmenata
Physidae
Phvsa Draparnaud
Lymnaeidae
Lvmnaea auricularia Linnaeus

Pealecypoda
Hereradonta
Sphaeriidae )
Pisidium amnicum (Muller)
Pisidium idazoense Roper
: Pisidium lilleborgi Clessin
Svhaerium corneum (Linnaeus)
Sohaerium fabale Prime
Sohaerium nitidum Clessin .
- Sohaerium striatinum (Lamarck)
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